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For over 60 years 


this trade mark has stood for speed and 


strength in reinforced concrete work. 


DRAGON 


(Brand) 
PORTLAND CEMENT 


Supplied by 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD. 


PENARTH, SOUTH WALES 
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Burton's 


TUBULAR STEEL TRENCH STRUTS 


(ADJUSTABLE) 


itll 
i 


OUTSTANDING ADVANTAGES 








1.—Save at least 80% labour by elimin- 
ating the old-fashioned system of cutting, 
wedging and nailing timber strutting ; 
no waste of timber. 





2.—Fixed by one man in one minute. 


3.—Being steel complete, they are 
practically everlasting and can be used 
over and over again indefinitely. 


4.—Take up very little store space and 
very compact for transport. 
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5.—No loose parts which can be 


|S foal HEA at iM lost, so they are always ready for 
aN. = Seer work. 


IN THREE SIZES 





Length Approx. 
Closed Expanded Weight 


1’ 6” OA 14 Ib. 
' A 3’ 64" 19 Ib. 
a ¢ 5’ 6” 24 Ib. 











Burton’s Patent Solid Dropforged Steel Scaffolding Fittings 





THE LONDON & MIDLAND STEEL SCAFFOLDING CO., LTD. 


ST. LUKE’S WORKS, OLD HILL, STAFFORDSHIRE 
Telegrams : DUBELGRIP, CRADLEY HEATH. Telephone : CRADLEY HEATH 6237/8 


London Offices: BURWOOD HOUSE, CAXTON STREET, S.W.! 


Telephone: Abbey 6483/4. Telegrams : Dubelgrip, Sowest, London 
A 
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FACTORY WORK IN COURSE OF CONSTRUCTION 


YORKSHIRE 


HENNEBIQUE 


FERRO - CONCRETE SPECIALISTS 
SINCE 1904 


HEAD OFFICE : VIADUCT WORKS, KIRKSTALL ROAD, LEEDS, 4 
Telephone : Leeds 20687-8-9 Telegrams : Ferro, Leeds 


BRANCH OFFICES: 30, WINCOLMLEE, HULL. Telephone: Hull! 3350! 
SCOTLAND : ALNESS, ROSS-SHIRE. Telephone: Alness 289 
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4,200-ToN reinforced concrete caisson in position 
at Coryton after its ten mile down river journey 
from Tilbury. This structure forms part of the 
water intake jetty for the new oil refinery at LAING 
Coryton under construction for Vacuum Oil 
Company Limited in conjunction with the 
Lummus Company Limited. 



































Contractors for every class of Building and Civil Engineering at home and overseas 


John Laing and Son Limited, London, Carlisle, Johannesburg, Lusaka. Established in 1848 





CONCRETE AND CONSTRUCTIONAL ENGINEERING 


1G CONTRACTORS 
D GTANDARDISE 


DM” Wickham 


BUILDERS’ HOISTS 
AND WINCHES 
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1. They are more dependable— 


= 
Bs 


designed and ruggedly built to reduce 
wear and tear. 


“ek 5 ee 
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because 


2. They take less time to erect— 


quick-fitting tower masts are self- 
aligning ; require no fishplates. 


because 


3. They have a larger effective life 


we Cm <> —robust sections throughout . . . self- 
iN 4) ik i aligning bearings ... power units 


’ totally enclosed to give complete pro- 
ij . -- tection in dusty, adverse working 
lia —— conditions 
nk a 


For full details, apply for illustrated Folder 





There’s a Wickham Agent in your district ! 


WICKHAM ENGINEERING CO. LTD 


34 VICTORIA STREET, 
LONDON, S.W.! 
Telephone: Abbey 5967/8 
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The symbol of leadership 


in the development 
and manufacture of 


Prestressed Precast Concrete 





in Great Britain 


—_—- ee 


ms —_ 


CONCRETE DEVELOPMENT CO. LTD 


Office and Works London Office 
Iver, Bucks 1 Queen Anne's Gate, SW1 
Te ephone: Iver 809 Te lephone Whitehall] 3111 





CONCRETE AND CONSTRUCTIONAL ENGINEERING 


Part of the job of putting Britain on a sound foot- 
ing rests squarely on smooth, clean dustless works, 
mill and factory floors—a high productivity factor, 
a safety factor too. Evode Provers make con- 
crete and granolithic floors permanent, hard- 
wearing and dustless. They are specialised 
products, Prover II for new floors, Prover V for 


old floors—neither contains silicate of soda. 


Write for leaflet P8492 for details of treatment and prices to 
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New floors 
old floors 


and the famous ground 
floor one gets in on 


benefit from 


PROVERS 


C.LE. BUS DEPOT, INCHICORE, DUBLIN 

Main Area—360 ft. x 200 ft 

EVODE MELLITOL incorporated into the mix and 
EVODE PROVER II CRYSTALS applied as a surface 
treatment afterwards 


Telephone : 1590/1/2 


EVODE LIMITED GLOVER STREET STAFFORD Telegrams : EVODE STAFFORD 





CONCRETE AND CONSTRUCTIONAL ENGINEERING 


DOUGLAS 





oy 





Trostre Works, Lianelly, for the Steel Company of Wales. 
L. G. Mouchel & Partners, Ltd., Consulting Engineers. 


CIVIL ENGINEERING BUILDING 


SITE INVESTIGATIONS 
REINFORCED AND PRESTRESSED CONCRETE 





ROBERT M. DOUGLAS (CONTRACTORS) LTD. 
395 GEORGE RD., BIRMINGHAM, 23. AND BRIDGE RD., WAUNARLWYDD, nr. SWANSEA. 
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use the A. B. 
SERVICE 


for concrete work 














SHUTTER PANELS 


All sizes and type 


ADJU STABLE SHORES 


i beam suppo 


ADJUSTABLE CENTRE FORMS 


for floor suppor 


SHU TTERLOCK WALING C LIPS 


pt ee ed srg Bred, apes gene pe p de and bolts 
Tr nd s ae 3 


COLUMN C LAMPS : BEAM CLAMPS 
— a * peupubipny STRUTS 


We also des and manufacture Steel Moulds fo Erosig or Beams, Piles, Railway Sleepers and ‘all 
other precast conc » pr odu 


Let us solve your problen 


A. B. MOULD & CONSTRUCTION CO., LTD. 


92 WHITEHORSE ROAD CROYDON SURREY 
Telephone: Thornion Heath 4947. Telegrams : Abmould, Croydon. 
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RAPID METAL FORMWORK 








for all concrete construction 


Only RAPID METAL FORMWORK panels have the patented arris that guarantees a 
smooth, uniform surface to the concrete. Wo fins. No rubbing down. Further, this 
improved Steel Shuttering can be erected or struck easily and quickly by semi-skilled 
labour. No special tools are necessary. Think what a big saving this means in time, 
tools and labour. Send coupon below for illustrated brochure and full details of sale or 
Illustrating Rapid Metal hire terms. 
Formwork at intersection of two RAPID METAL FORMWORK is ideal for all in situ concrete construction, including 
walls, showing use of internal double or single-face work, foundations, walls, columns, beams, suspended floors, 
corner panels. bases, ducts and rectangular or circular tanks. It is made up from four basic components 
—+}° Steel straight and corner pane's, channel posts and clamps. The panels and channels 
are available in various sizes, with precision-slotted boundary flanges to take the 3 types 
of patent clamps. 





Our expert technicians are ever at the service of the 


Civil Engineering and Building industries, to 
collaborate and demonstrate the many advantages 
of RAPID METAL FORMWORK. Post ; 


coupon for ustrated brochure and full details of 


sale or hire terms, to Rapid Metal Developments ; FORMWORK 
Lid., 209, Walsall Road, Birmingham, 226. d 
Supplied by 


NAME — RAPID METAL DEVELOPMENTS LTD. 


| 209, Walsall Rd., Perry Barr, Birmingham, 226. | 
Telephone > BIRchfields 6021 | 


J 
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The successful way to re- 
condition defective con- 
crete structures, encase 
structural steelwork, and 
line tunnels and water 
reservoirs. Developed 
and applied in all parts of 
the world with the re- 
sources, experience and 
skill of The Cementation 
Company, Ltd. 








PILING )# 


The Cementation Com- 
pany, Ltd. have the re- 
sources and the experi- 
ence to undertake piling 
work for Hammer Founda- 
tions, Factory Extensions, 
Machinery Bases, Under- 
pinning, Bridges and any 
similar purpose in any part 
of the world. And the 
skill to complete the work 
quickly and inexpensively 
even where headroom and 
working space are limited 
and freedom from harmful 


vibration is essential. 


cE NL 


BENTLEY WOR 


CEMENTATION 
For nearly half a century we have, by one or more of our 
processes, successfully prevented leakage of water through, 
under and around dams, from service and impounding 
reservoirs, filter beds, draw-off tunnels and other ancillary 
works. Our reputation is world-wide. 


ENTATION 
meprany cmtted 


KS*DONCAS TER: Tel. OON. 54177-8-9 
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Every 


well-planned road 
laid in 

Reinforced Concrete 
is a step nearer 

COME LSCIET 

highway perfection 


REINFORCEMENT FOR ROADS 


Formby By-Pass (Lancashire County Council) 


THE BRITISH REINFORCED CONCRETE ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast 


M-w.673 
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AND CONSTRUCTIONAL 


SUPER 


ENGINEERING 





8 3 
SUBMARINE BRAND 
THE TANNO-CATALYSED PORTLAND CEMENT 


SAVES TIME 


SAVES TROUBLE 


NATURALLY WATERPROOF, CONTAINS NO WATER REPELLENT MATERIAL 


Uses :— 

For CONCRETE 

Provides a CONCRETE of great strength 
at early dates and impervious to water, 


oil, etc, without any form of surface 
coating. 


For PAVING 
Produces a hard wearing PAVING, dust- 


less and proof against penetration by water, 
etc. 


For RENDERING 

Supplies an impenetrable RENDERING of 
such adhesive power that a |” thickness will 
resist an outside pressure of at least a 20’ 
head of water. 


For SLURRY (as paint) 

Makes a perfectly watertight covering to 
brick or breeze concrete walls at very small 
cost, and also provides the best watertight 
undercoat to coloured finishes. 


Technical Information is available to users. 
Used in 1914-1918 and still used by : 
Air Ministry, War Office, Admiralty, Ministry of Works, Ministry of Supply, etc. 


SUPER CEMENT LTD 


#5 LONDON, W.C.1 


29 TAVISTOCK SQUARE, Phone : 


Euston 1808 
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CUBIC YDS. OF AIR-ENTRAINED CONCRETE 
AT THE 


BULL SHOALS 
DAM 
U.S.A. 


GOOD CONCRETE 
BETTER 
WITH 


AERACON A.E.A. 


INCREASED PLASTICITY, WORKABILITY & DURA- 
BILITY. RESISTANCE TO PASSAGE OF WATER & 
FROST ATTACK. NON-SEGREGATION OF AGGRE- 
GATES & EASIER & FASTER PLACING ARE JUST A 
FEW OF THE ADVANTAGES OBTAINED WHEN 
CONCRETE IS AIR-ENTRAINED. NOW AVAIL- 
ABLE IN GREAT BRITAIN UNDER THE 
TRADE NAME OF AERACON A.E.A. 


For Information on this 
Air-entraining Agent 
write to 


G. FISHER (FALLOWFIELD) LTD. 


ALBANY WORKS, ALBAN¥ ROAD, CHORLTON-CUM-HARDY 
Telephone : Chorlton 1063. Manchester 21 
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a Essential to all users 


of concrete! 





A really practical machine for quickly 
and accurately measuring WORKABILITY 





South Wharf,Paddington, London, W.2 (Ambassador 3456) 

Write now for 130 Coventry Drive, Glasgow, E.!. (Bridgeton 1041) 
full particulars to:— | 22-24 City Road, Bristol, 2 ...... (Bristol 24595) 
< West Stanley Street, Manchester, 5 ...(Trafford 2965) 

ACROW Lupton Street, Hunslet, Leeds, 10 (Leeds 76514) 
(Engineers) Ltd. Carl Street, Walsall, Staffs. ...............(Walsall 629 6) 
78 Duncrue Street, Belfast (Belfass 45211) 


dustless floors 


Concrete dust is fatal to machinery, a severe inconveni- 
ence to operatives and a constant menace to production. 


“CCC CASEHARDENING” process produces a floor which is not only 
hard—so hard that even by the drastic use of a wire scratch broom no concrete 
dust can be raised—but is also impervious to water and resistant to the destruc- 
tive action of oils, grease and soda. 


““CCC Casehardening ’’ process is applied only by our trained staff and the 
result is guaranteed. 











“CCC” PREMIX for Waterproofing, Rapid Hardening, 
and Toughening Concrete 








CONCRETE 


CASEHARDENING 
CO. LTD 


CRESCENT WHARF: BIRMINGHAM: I 


L.G.B. 
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NORTH THAMES GAS BOARD'S BECKTON 


PETER LIND & CO 





CONCRETE AND CONSTRUCTIONAL ENGINEERING 


























Not by its fair surface but by its hidden strength is 
concrete to be judged. Here’s why, increasingly, 
good specifications for road and airfield 

and building foundation call for an underlay 

of IBECO waterproof concreting paper. 

There’s no better insurance 


for even hydration, sound setting, ' be oa C re) 
all-through strength, long life. 


COMPLETELY WATERPROOF CONCRETING PAPER 


MADE BY C. DAVIDSON & SONS LTD - MUGIEMOSS - ABERDEENSHIRE 
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REINFORCED CONCRETE 
GRANOLITHIC PAVINGS 
CAST STONE 
STAIRCASES 


FLOORS 
in-situ and precast 


STUART'S 


GRANOLITHIC C° LT". 


FOUNDED 1840 


LONDON 
26 West End Avenue, Pinner, Middlesex 


BIRMINGHAM 


Northcote Road, Stechford 


MANCHESTER 
Ashton Road, Bredbury, Stockport 


EDINBURGH 
46 Duff Street 





Se A AT MITRE 
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Twice round the clock... 





concrete sufficiently hard for almost any purpose 


On new and urgent work, use ‘417 Cement.’ On repairs to 
services—roads, sewers, railways—that must be reinstated without delay, use 
* 417 Cement.’ Concrete made with this cement is ready for almost any duty in 24 hours 
—and for many in a good deal less. For example, in a temperature of 60°-65°F., concrete road 
foundations can be surfaced within 24 hours and opened to traffic immediately; concrete 
floors can be used for foot traffic in 12 to 16 hours. Concrete made with 


* 417 Cement ’ is less liable to damage by frost. Please write for full details. 


AA cement 


QUICK SETTING — EXTRA RAPID HARDENING 


THE CEMENT MARKETING CO. LTD., Portland House, Tothill Street, London, $.W.1 
or G. & T. EARLE LTD., Cement Manufacturers, Hull! 


THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., Penarth, Glam. 
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LPORMS 


FOR AUTOMATIC ALIGNING AND 
SELF-SUPPORTING SHUTTERING TO 
WALLS, FLOORS, COLUMNS AND BEAMS, ETC. 


avs 4 _8_ >> 


’ 


Inspection of the actual 

plant will show the simple 
and robust nature of the equif 
ment which has been designed 





for rap id fixing and easy mainienance 


This new range of formwork, for use on all types and systems of concrete construction, 
provides the Contractor with the means of overcoming formwork difficulties in an easy and 
economical way. No special tools are required, it is easy to erect and dismantle, and robustly 
constructed to withstand heavy wear. Full information can be obtained from any Mills Depot. 


\ MEWEEESELFAST © BIRMINGHAM * BOURNEMOUTH + BRIGHTON 
\/ f f f f or BRISTOL - CANTERBURY - CARDIFF - COVENTRY - CROYDON - DUBLIN 
HK pus IRMA GLASGOW ~ HULL - ILFORD - LIVERPOOL - LOWESTOFT - MAN. 
— CHESTER - NEWCASTLE * NORWICH - PLYMOUTH - PORTS. 
107-6 8 BOP POOR CLONE BORE our: | SHIPLEY - SOUTHAMPTON - SWANSEA - YARMOUTH 


Head Office & Depot : TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6. Tel: RiVerside 5026/9 
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Ruberoid C. and E. Jointing provides the 
necessary resilience to allow concrete structures 

of all types to move under temperature vari- 

ations without building up dangerous stresses. 

Where a ‘single operation’ material is required 
Ruberoid C. and E. Jointing can be relied upon 

to give complete satisfaction. Available in 

lengths up to 6 ft., thicknesses from j to | in. 

and depth to suit the concrete. 

Use Ruberoid, the original Concreting Paper in the 

road bed. It prevents absorption of liquid cement 
into the sub-base and aids free movement of the slab. 
a product of : 

THE RUBEROID COMPANY LTD., 

187, COMMONWEALTH HOUSE, NEW OXFORD STREET, LONDON, W.C.1 








WASHED 


BALLAST, SAND, SHINGLE & 
Crushed Aggregate for Reinforced Concrete. 


WILLIAM BOYER & SONS, LTD. 


Sand and Ballast Specialists, 
DELIVERED DIRECT TO ANY 
CONTRACT BY MOTOR LORRY. IRONGATE WHARF, 


Quotations on Application. PADDINGTON BASIN, W. 
Telephone : Paddington 2024 (3 lines). MEMBERS OF B.S. @ A.T.A. 


QUARE BEC 


FABRIC 
° 
—— for 100°|, 


DETAILS WATERPROOF 
CONCRETE 


DAMP = PROOFING LTD. FOR ROAD 


DEPTFORD Tel. TiDeway 1486-7 LONDON, 8.E. REINFORCEMENT 
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CHRISTIANI 
& NIELSEN itp 


REINFORCED CONCRETE 





Pile Driving for Reinforced Concrete Jetty 


54 VICTORIA STREET, LONDON, S.W.I. 


TELEPHONE: VICTORIA 6152 
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POWER BAR BENDERS 


FOR ALL SIZES OF 


REINFORCING BARS 


STANDARD PRODUCTION MODELS 


The ARD. 50 MODEL—as illustrated on 
right—has a capacity for cold bending 
Mild Steel Bars up to 2” dia. and incor- 
porates a second Bending Head to give 
high-rate bending for small diameter bars. 


The RAS. 40 MODEL shown below is 
a single disc machine of exceptional per- 
formance. With a capacity for 14” dia. 
bars, it bends at highest practical rate— 
e.g. a full hook takes only 3 seconds 
bending time. 


Ensure accuracy, economy 


& simplicity of operation 


INTERESTING FEATURES 


Either of the Models illustrated can 
be supplied motorised or engine 
driven. 

Standard Accessories supplied in- 
clude all necessary Formers and 
Bending Pins, a special Backrest for 
simultaneous bending of a number 
of small diameter bars, and Acces- 
sories for forming right-angle loops 
in one operation. 

Special Safety Device incorporated 
to prevent damage to mechanism if 
overloaded. 

The desired Bending Angle may 
be set mathematically, and this is 
of great assistance in Repetition 
Bending. 


CEMENT & STEEL L™. 


SECOND AVENUE CHATHAM KENT 


Telephone: Chatham 45580 Telegrams and Cables: Cembelgi, Chatham 
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Prestressed Concrete (Lee-McCall System) with Macalloy Bars 
An economical and effective system of prestressing concrete, using 
high-tensile alloy steel in bar form. The steel is provided with 

positive end-anchorage and does not rely upon bond to transmit 

the stresses to the concrete. 


YOU CAN 
constructional 
SAVE/ STEEL 


by using ee 


Write for further 
details 


*Matobar’ Welded Fabric Reintorcement 


Economical for all types of concrete construction. 
Hard drawn, high-tensile steel wire mesh, electric- 
ally welded at every intersection ; permissible 

working stress, 27,000 Ib. per sq. in. in tension. 


Isteg Stee) Reinforcement 
manutactured under licence 
Steel bars with a combination of twist and cold 
working, giving 50°, improvement in tensile 
stress ; 30°, less weight of steel. Improved 
bond; hooks and overlengths eliminated. 


McCALL & CO (SHEFFIELD) LTD. 
TEMPLEBOROUGH, SHEFFIELD, AND AT LONDON 


SRB 41 
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TRANSPORT 
BY 
ROPEWAY 


This Ropeway is carrying Bauxite over Indian 
roads, valleys and hills for a distance of 6 miles. 
We can install ropeways to carry a few hundred- 
weights or up to 400 tons per hour, and if you have 
any transport problems, we invite you to consult us. 
Our Engineers have solved many similar problems ; 


can they help you to solve yours ? 


Write for illustrated brochure 
BRITISH ROPEWAY 
: ENGINEERING CO LTD 


Plantation House, Mincing Lane, London, E.C.3 
Telephone: Mansion House 468 1-2 








Telegraphic Address: Boxhauling, Fen, London 














THE 


“JOHN BULL” 
CONCRETE BREAKER 


NEW “ B.A.L.”” TYPE. 


INCREASED :— 
PENETRATION, RELIABILITY, LIFE. 


REDUCED :— 

VIBRATION, NOISE AND WEAR. 
THESE ARE THE SALIENT FEATURES 
OF THE NEW CONCRETE BREAKER 


* * * 


REAVELL & CO., LTD. 


RANELAGH WORKS, IPSWICH. 
TELEGRAMS : “ REAVELL, IPSWICH.” TELEPHONE : 2124 
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PRESTRESSED 
CONCRETE UNITS 


FORMING 


TRUNK ROAD BRIDGE 


Photograph by 





ANOTHER 


ANGLIAN 


PYLONS - PILES ANDBMA (Ay E TSN) DE te) ila 


SHEET PILES - ROAD 
AND RAIL BRIDGES 
ROOF & FLOOR BEAMS 


ANGLIAN BUILDING PRODUCTS LTD - LENWADE 15 - NORWICH - Tel. : Gt. Witchingham 91 








CONCREAM 


This non-staining, smooth and easy working 
white mould oil can be used with confidence 
on ali classes of in situ and precast concrete 
work where the use of a white mould oil is 
recommended 


VIBRAMOL 


This non-staining and non-separating mould 
oll is made specially for use on steel shuttering 
and moulds where vibrators are used, and 
provides a good film which is not readily 
moved under vibration 


SPRAYMOL 


This grade of mould oll has been specially 
produced for use with a spray gun. it can 
be used with great economy on all types of 
shuttering and moulds, and will not separate 
under pressure. 


66 PS.” 


Experience has shown that the production of 
precast and in situ prestressed concrete needs 
& special mould compound, and in collabora- 
tion with leading prestressed specialists we 
have produced Grade “ P.S."" Mould Com- 
pound for this class of work 


*8.A.” 


This Mould Compound has been specially 
produced to satisfy the requirements of those 
engaged in the production of spun concrete 
products. 


PRODUCTS OF THE 
ORIGINAL MAKERS OF 
CONCRETE MOULD OILS 


We specialise in the production of mould oils and com- 
pounds for concrete work of every kind, from {mass 
concrete work to high-class architectural stone work, 
and have an unrivalled experience which enables us to 
give expert advice on all mould oil problems. We 
have a grade for every purpose, and will be pleased to 
submit full details, samples, and prices on request. 


RICH? HUMBLE & SON, LTD., COLUMBA OIL WORKS, LEEDS, 3 


Telephone : 27155. ESTABLISHED 1854. Telegrams : ‘* Columba, Leeds, 3.” 
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bONGREIE 


Concrete made with Ciment Fondu is completely 
immune to Sulphates and highly resistant to many 
other forms of chemical attack. 


M OULPHAL 


The best cement in the world for speed, strength 
and resistance. 





an Ad 
ALUMINOUS CEMENT 





In addition to its immunity to sulphate attack, 
concrete made with Ciment Fondu is ready for any 
use at 24 hours. Used with crushed firebrick for 
refractory purposes it is non-shrinking, non-spalling, 
stable under load at 1300° C. and can be cold-cast to 
any shape. 


LAFARGE ALUMINOUS CEMENT CO. LTD. 
73, BROOK STREET, LONDON, W.1. TELEPHONE: MAYFAIR 8546 
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The PC3 PUMPCRET 
Mobile 


CONCRETE PUMP 





CONCRETE BY 
PUMP AND PIPELINE 


The latest and most efficient method of placing concrete for Hydro- 
Electric Schemes, Tunnels, Power Stations, Cooling Towers, Subways, 
Silos, Canals, Piers, Viaducts, Reservoirs, Bridges, Runways, Founda- 
tions, Buildings, Pylons, Pipe Spinning and Lamp Columns. 
Pumpable concrete must of necessity be good concrete. 

Pumps and Mixing Plant can be located at the most convenient 
position within the pumping range. 

The continuous output of the Pump at a constant speed governs 
the working of the whole concreting gang. 


All ‘* Pumpcret "’ surfaces in contact with concrete are renewable. 


Specifications : 


Two Sizes : P.C.3 P.C.4 


Capacities per hour, 

approx... 20-24 cu. yd. 8-10 cu. yd. 
Range : 

Horizontal, approx. 1500 fr. 1250 ft. 

or Vertical, approx. 135 fe. 125 fe. 
Pipeline , 6" id. 44° id. 
Power Required : 

Electric or Diesel . 45 h.p., 60 h.p. 25 h.p. 


ConcreTEP UMP 


4 STAFFORD TERRACE, LONDON, W.8 


Telephone: Western 3546. Telegrams: Pumpcret, Kens, London. 
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W&C FRENCH LIMITED 


BUCKHURST 


HILL 


ESSEX 





HEAD OFFICE: 50 EPPING NEW ROAD, BUCKHURST HILL, ESSEX. ‘Phone: BUCKHURST 4444 (15 Lines) 


LONDON OFFICE: 47, VICTORIA STREET, WESTMINSTER, S.W.! 





BRANCH OFFICES 
ROMFORD 
217 Brentwood Ad.. Romford 
Tel. Romford 2828 
WISBECH 
South Brink, Wisbech 
Teil, Wisbech 1530 
COLCHESTER 
ipswich Rd.. Dedham 
Nr. Colchester 

Tel. Dedham 2244 
KENYA 
P.O. Box 6032, Nairobi, Kenya 
Lighterage and Wharfage facilities 

on River Lea 





BRICKFIELDS AT 
Chigwell Rd. 5S. Woodford, 
£18 

Tel Buckhurst |276 

Luxborough Lane, Chigwell 

Tel. Buckhurst 5833 

Ongar, Essex 

Tel. Ongar 48 

Makers of Stock Bricks, Facing 
Bricks, Roof Tiles, Land Drains 
and other clay products 





TRANSPORT AND 
PRE-CAST CONCRETE 
DEPARTMENT 

North Farm. 

Loughton, Essex. 

Tel. Loughton 480 





CONTRACTORS FOR 
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G L A S fe R E a E Reinforced Concrete and Glass 


STANDARD LANTERN LIGHTS 


In precast 
units for easy 


assembly by Builder 


A 

For full particulars please write s4 
for leaflet P.39D. \ : 

YW 


vA 


A:-KINGa® 


aa. Queen Victoria St, LONDON. «c+ 











Telephone : centTrat 5866 (6 lines). 











PIN YOUR FAITH 


TO THE TESTED 
BRAND. 


THIS LABEL ON 
EVERY BARREL 
CARRIES WITH IT 
FORTY YEARS’ 
EXPERIENCE OF 
MANUFACTURE. 


NONE OTHER IS 
“JUST AS GOOD” 


THE LEEDS OIL & GREASE CoO. 
"Phone 22480 LEEDS, 10 'Grams: “Grease.” 
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VIBRATING EQUIPMENT 
for QUALITY CONCRETE 





PETROL & ELECTRIC 
VIBRATING 
TAMPERS 


SALE OR HIRE 


Details of these and other vibrating 
plant sent on application. 


Manufacturers of vibrating tables, internal 
vibrators, external vibrators, petrol and 
electric vibrating tampers, vibrating screens, 
pan vibrators, electric motors, petrol 
engines, builders’ hoists and winches, and 
hydraulic bar croppers 


E. P. ALLAM & CO. LTD. 


LONDON: 45 Great Peter Street, $.W.1. Telephone: Abbey 6353 (5 lines) 


SCOTLAND: 39 Cavendish St., Glasgow, C.5. Tel.: South 0186 Works: Southend-on-Sea. Tel.: Eastwood 509245 


CONCRETE 
REINFORCEMENT 


BENT TO SPECIFICATION 


In 9 months we manufactured and supplied to the British 
Cast Concrete Federation, reinforcement for the M.O.W. 
Standard Hut involving 60,000 cut, bent and welded cages, 
and 5,000,000 stirrups, and therefore rightly claim to be 
specialists in the production of all types of cages where 
reinforced concrete is required. Whether for use in 
Garages, Runways, Docks, Warehouses, Forecourts, etc., 
‘* bending is carried out to your own Specification.”’ 


CAGES FOR CAGES FOR 

PRECAST REINFORCED 
CONCRETE CONCRETE 
. FRAMEWORK 


SOMMERFELDS LTD. 


WELLINGTON, SHROPS. - Telephone: 1000 (5 lines) 
& 167 VICTORIA ST., S.W.1 Telephone: VIC 1000 
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D ENGINES 


for 


b INDUSTRIAL EQUIPMENT _// 


iM 


Ford Industrial engines are widely used in providing 
power for Industrial Machinery of every description 
and have a power range between 10 and 60 B.H.P. 
when required for continuous working purposes. 
They are inexpensive to buy and economical to run. 
They give you long and trouble-free service, and what 
little maintenance they need is promptly and speedily 
carried out by Ford Service, which covers every part 
of the country. This combination of a first-class 
product and first-class service is the reason why 
Ford engines hold an unchallengeable 
reputation in every branch of 
industry. The advice of our 
Industrial Unit Department 
is freely at your disposal. 
Why not discuss your 
power problems 
with us? 


























FORD MOTOR COMPANY LIMITED + DAGENHAM «+ ESSEX 
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REINFORCED 
COMCRETE CONSTRUCTION 


These Photographs 
(by courtesy of North Western Gas Board) 


Mlustrate — 
REINFORCED CONCRETE 
RETAINING WALLS. 


RECENTLY CONSTRUCTED BY US 
NEAR MANCHESTER. 





WE ARE ALWAYS PLEASED TO 
QUOTE FOR ~~ 


HEAVY 
EXCAVATION. 


FOUNDATIONS. 


REINFORCED 
CONCRETE. 





Stvi st ENCINEERING CONTRACT 
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NGREWE) PIL. ONKe | 


LIMITED yi | 








Specialists in the construction. 
of all forms. of reinforced 
c6éncrete structures for 
Industrial and Public Services. 


IO. WESTMINSTER PALACE GARDENS, ARTILLERY ROW. LONDON .S WI. - ABBEY 1626 
LADAS DRIVE BELFAST - BELFAST 58/00 - WORKS. RIVER RD. BARKING -R/PPLEWAY 2624 
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GUNITE AND 
CEMENTATION 


Systematic repairs to structures 
* based on systematic diagnosis of 
defects. 


WHITLEY MORAN « CO. LTD. 


Specialists In the Repair of Engineering Structures 


This 5 OLD HALL STREET, LIVERPOOL. Telephone: Central 7975 








A NEW “CONCRETE SERIES” BOOK 


“CONSTRUCTION WITH MOVING FORMS” 


By L. E. Hunter, M.Sc., A.M.inst.C.E. 


72 pages. 53 illustrations. Price 7s. 6d. ; by post 8s. 1°75 dollars in Canada and U.S.A. 


Describes and illustrates practical methods of rapid construction with continuously- 
moving, or sliding, forms. This book will be of assistance to those familiar with 
the process, and will prevent mistakes being made by those using moving forms for 

the first time. : 


PRINCIPAL CONTENTS 
@ Construction of wooden and steel forms, yokes, and jacks. 


@ Details of deck, scaffolds, dragging at corners, circular and polygonal bins, and lateral 
bracing. 


@ Procedure of construction: Preliminaries. Levelling. Roof. Dismantling. 


@ Materials. Plant. Reinforcement. Construction in cold weather. Emergency 
equipment. Labour. 


@ Reinforcement: Design. Stacking. Cover. Bar schedules. 


@ Special applications : Structures of variable shape. Structures with floors. Structures 
without columns. Openings in walls. Tanks. Chimneys. Cost. 
@ Shutters Travelling Horizontally : 


For sea walls, culverts, and sewers. 
@ Hints and Reminders. 


CONCRETE PUBLICATIONS LIMITED 
14 Dartmouth Street, London, S.W.1, England 
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REINFORCED CONCRETE 
CHIMNEYS 
by CUSTODIS 


Custodis skilfully design and erect special- 


purpose chimneys for any industry. 


A typical example is at the new Esso refinery 


at Fawley. The illustration shows one 
chimney which is 250 ft. high, with outside 
diameters of 12 ft. at the top and 19 ft. at 
the base. It is lined with refractories and 
special acid-resisting bricks, besides having 
special protection at the top. Four other 
chimneys are also specially designed and 


lined. 





Chimney for the single-stage Crude Unit. 


CUSTODIS (1922) L'? 


119 VICTORIA STREET, LONDON, S.W.1 


Telephone: ViCtoria 0779. Telegrams: ‘“‘ CUSTODOMUS - SOWEST - LONDON ”’ 
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xCHASTON 











SPECIALIST CONTRACTORS 
FOR REINFORCED CONCRETE 
AND PRECAST PRODUCTS 








woms cor PRESTRESSED 


CRETE WORK OF ALL 
OR SPECIAL DESIGNS i q L | 


DAVID CHASTON LTD., ESSEX ROAD, HODDESDON, HERTS. 
Telephone: Hoddesdon 2264 (3 lines). 


“GAPGO © i. F. VIBRATOR 


for compacting mortar cubes 
for Compression Test B.S. 
12/1947, B.S. 915/1947, 
B.S. 146/1947, B.S. 1370/ 
1947. New type automa- 
tic control—optional. The 
vibrator illustrated in the 
B.S. was built in our works. 

















The ‘‘ CAPCO’’ range of con- 
crete testing apparatus also 
includes Cube Moulds; Slump 
Cones; Tensile, Vicat, and Cylin- 
drical Moulds; Tile Abrasion 
Machines ; Compacting Factor 
Apparatus. 
Full details on request. 


CAPCO (SALES), LTD. cic" rressess 


BEACONSFIELD ROAD, LONDON, N.W.10. Telephone: WILLESDEN 0067-8. Cables: CAPLINKO, LONDON 
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THE HIGH-FREQUENCY VIBRATOR 
WITH THE SLOW-SPEED DRIVE 


A new type immersion vibrator 
Petrol or Electric 


10,000/ 12,000 
Send for descriptive leaflet @ Vibrations per minute 


ja\ KC} IE; VIBRATOR Dept., PORDEN RD., BRIXTON, LONDON, 8.W.2 
MACHINERY LIMITED Tel. : Brixton 3293 (9 lines) and at Brentford SI 








We are Specialists in the Repair and 
Reconditioning of Defective Reinforced 
Concrete Structures, etc.: 


THE 


GUNITE 


CONSTRUCTION CO. LTD. 
WESTERN HOUSE, HITCHIN, HERTS. Tel. HITCHIN 571. 
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ADJUSTABLE STEEL 


COLUMN 
CLAMPS 


for supporting temporary shuttering to 
reinforced concrete columns and concrete casings 
to steel stanchions. By using Acrow Adjustable 
Stee! Clamps for supporting column shuttering 
the amount of timber used is reduced to a mini- 
mum with corresponding reduction in labour 
costs and wastage of material. The accuracy and 
strength of the Clamps ensure columns of perfectly 
uniform cross-section throughout. In three sizes 
covering a range of column dimensions from 
10 ins. to 4 ft 


Use them and reduce costs 
FOR SALE OR HIRE 








All enquiries to :—ACROW (ENGINEERS) LTD., South Wharf, Paddington, London, W.2. (Ambassador 3456). 
130 Coventry Drive, Glasgow, E.!. (Bridgeton 1041) @ 22-24 City Road, Bristol, 2 (Bristol 24595) 
West Stanley Street, Manchester, 5 (Trafford 2965) @ Lupton Street, Hunslet, Leeds, |0 (Leeds 765! 4) 
Car! Street, Walsall, Staffs. (Walsall 6296) @ 78 Duncrue Street, Belfast (Belfast 45211!) 





SAVE TIME, LABOUR and MATERIALS 
by supporting your TRENCHES with 


ba 


AVAILABLE 
Weil : IN 4 SIZES 


, 16” 
ADJUSTABLE STEEL indy asr 


TRENCH STRUTS 
a 


STEEL 


SHEETING In lengths 


up to 1|2 feet 
Overall width 133° 








Regd. Design No. 859839 








All enquiries to: 
ACROW (ENGINEERS) LTD. 
for addresses see above. 
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The cam-operated retract- 
able bearer-plates 

make Acrow 

Floor-Centres 

THE FASTEST 

IN USE, 


In 4 sizes, 
which, between 
them, provide for 
any span ranging 
from 4 ft. to 15 ft. 
* 

For sale or hire 





All enquiries to: ACROW (ENGINEERS) LTD. 
South Wharf, Paddington, London, W.2 (Ambassador 3456 
130 Coventry Drive, Glasgow, E.1. . (Bridgeton 1041 
22-24 City Road, Bristol,2. . . « (Bristol 24 595) 
West Stanley Street, Manchester,5 . (Trafford 2965) 
Lupton Street, Hunslet, Leeds, 10. . (Leeds 76514) 
Carl Street, Walsall, Staffs. . . ~. (Walsall 6296) 
78 Duncrue Street, Belfast. . . « (Belfast 45211) 





(1) As used for Hollow-tile floor 
construction. 


(2) As used 
with Acrow Floorforms or Ferroforms 
for solid reinforced concrete floor construction. 


(3) Alternative method for solid 
floor construction with Floor-Centres tight up against 
each other. 





ACROW-—THE Specialists in Steel Shuttering & Propping 











CONCRETE 


STENT PHLES 


USED FOR THE NEW 150 ft. FACTORY 
EXTENSION FOR FORD MOTOR 
COMPANY LTD., DAGENHAM. 


4 THEYRE SAFE 
4 THEYRE ECONOMICAL 


4 LARGE RANGE OF 
STOCK SIZES 


Technical details 
supplied on request to - 


STENT ** 


= 
Sales: 1 Victoria Street, 8.W.1. Phone: 


Works: an Dock, Essex. 
(Essex) 780 

Midland Agent : 
3781 and 3543 


Whitehall 2573 
Phone: Rainham 


56 St. Mary's Road, Manchester, 10. 


AND CONSTRUCTIONAL 


Fabian |. M. Jackson, M.in.B.E., M.1.PILE., 


ENGINEERING 


Photographs by kind permission of Ford Motor Company Ltd. 


11 Leicester Road, Loughborough. 
Phone: FAI 2623. 


Phone : Loughborough 





KENNEDY 


GO TRADE Mann 


BENDING MACHINES 


- featured above is the 1213 Bar bending machine for 


the accurate and rapid cold bending to precise measurement 


of mild steel reinforcing bars of up to |” diam 


For full particulars of this and other 
Kennedy benders write to :— 





W. KENNEDY LTD., 


Dept. C, STATION WORKS, 
WEST DRAYTON, 


MIDDX. Phone: West Drayton 2084 





L1753 F. 








CHESTERFIELD 


ie —e aon, 

° NOTTINGHAM ____« 

MATLOCK me THA 
a meee ie 


BURTON-~ 


@ WORKSOP 


a 
| | as cINCOLN 
| BAKEWELL 


oF 
DERBY MELTON | 


@ LOUGHBOROUGH MOWBRAY 


| ON-TRENT 


Trent Gravels 
10.000 tons per week 
Washed & Crushed |} in. to ¥ in. 
cvumen ts ae aoe mane eee teen 


deliveries guaranteed and keen competitive prices 
quoted. Send for samples and prices. 


TRENT GRAVELS LTD 


ATTENBOROUGH NOTTS 
Telephone : 








Beeston 54255. 








“CONCRETE SERIES” 


BOOKS on CONCRETE 


For a complete catalogue giving prices in 
sterling and dollars. send a postcard to: 


CONCRETE PUBLICATIONS, Ltd. 











14 Dartmouth St., London, S.W.! 
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for all forms of 


A symbol of quality CONCRE 3 & 
materials, 


experienced 
workmanship, expert 
supervision, and excellent 
Service. 














We specialise in the production of Precast Concrete structural members to standard or 
special designs, also products for the Electrical industry, Sports Ground Contractors, and 
Fencing Contractors, and shall be pleased to submit quotations for your requirements. 


H.B. CONCRETE CO. LTD. 


Head Office and Works: VICARAGE ROAD, EGHAM, SURREY. Telephone: Egham 3092. 


GOV IN Ws 


SPECIALISTS 


We. MULCASTER 


NTRACTORS) LTD- 
nings and Renderings 
kind in any part 




















Le 





& co. (co 
cies for Gunite Ll 


old structures of every 


of the country: CREWE 
HASLINGTON Crewe 2265-6- 


Telephone = 


We Invite inqu! 





for new OF 





nem eiaia 
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THE DISPLACEMENT METHOD OF 


FRAME ANALYSIS 


By G. P. MANNING, M.Eng., M.Inst.C.E. 


128 pp. 88 illustrations. 19 tables. Price 9s; by post 9s. 9d. 
2:10 dollars in Canada and U.S.A. 
Publi:hed 1952. 


Full details and many examples of the application of the *‘ Displacement Method ”’ 
of analysis of indeterminate frames, which has been proved in practice in a large 
design office for more than fifteen years. This labour-saving method can be applied 
to simple and complex frames, closed frames, and continuous beams of constant and 
non-constant section. Solutions are obtained by slide-rule, time is saved and the 
risk of errors is reduced. 


(1) Full discussion of the principles of the Displacement 
Method. 
(2) Application, with examples, of the method to— 
(i) Rectangular frames with members of constant 
section ; 
(ii) Frames with sloping members of constant section ; 
(iii) Multiple-bay and multiple-story frames with 
members of constant section ; 
(iv) Settlement and shrinkage ; 
(v) Simple frames with members of non-constant 
section ; 
(vi) Brackets on columns ; 
(vii) Complex frames with members of non-constant 
section ; 
(viii) Continuous beams. 
Tables for fixed-end bending moments and shearing 
forces and elastic constants for members of constant 
section, for members with parabolic soffits, straight 
splays, curved splays, deep ends, or uniform taper, and 
for members with two parts of constant section. 


PUBLISHED BY 


CONCRETE PUBLICATIONS LIMITED 
14 Dartmouth Street, London, S.W.I, England 
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Telephone: ari pertormance. - 


45340 Your problem cati 
Toegroms be sdved by a from 
TWICKENHAM the G range. 
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Candy Filter House for South-West Suburban Water Company. 
Mr. H. Austin Palmer, Engineer 


THE BEST WAY to illustrate CONCRETE 


is by HALF-TONE BLOCKS 
OF THE HIGHEST QUALITY 


Complete Service of 
ENGRAVING, TYPESETTING, 
PHOTOGRAPHY, 
ELECTROTYPING and STEREO- 
TYPING and ARTISTS’ WORK 


THE STRAND ENGRAVING COMPANY LIMITED 
8 & g ESSEX STREET, STRAND, W.C.2 
Telephone: Temple Bar 6311. Engravers to ‘‘Concrete.” 
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> 
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CHISLEHURST & SIDCUP BLACKFEN 
COUNTY SECONDARY SCHOOL 
FOR BOYS, KENT COUNTY COUNCIL 


E.B. Musman, B.A., F.R.1.B.A., Architect, in collaboration with S.H. Loweth, F.S.A., F.R.1.B.A., Kent County Architect. 


RUSH & TOMPKINS LTD. 


SIDCUP - LONDON - BIRMINGHAM - DURBAN, NATAL 





formerly KENT & SUSSEX CONTRACTORS, LTD. 
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PROMETO 


(REGD. TRADE MARK) 
moving-forms 

for monolithic 
concrete construction a 











a rapid and 
highly economical 
method of erecting 

structures of all kinds 


PROMETO hydraulically controlled moving forms 

and equipment enable a high rate of construction 

to be maintained with minimum labour requirements. 

They provide the means of making substantial savings 

in the cost of erecting Silos, Chimneys, Water Towers, 

Multi-Storey Flats, the lining of Mine and similar shafts, 

Elevator Houses, and many other types of structures. 

We have the sole rights for the manufacture and use of 

PROMETO equipment in the United Kingdom and are 

prepared to enter into sub-licence arrangements with selected 
Contractors for individual jobs or prescribed districts. 

Enquiries are invited from Consulting Engineers and Architects, 


WILLIAM THORNTON & SONS LTD 


WELLINGTON ROAD 


LIVERPOOL 


Building and Civil Engineering Contractors 

















CONCRETE 


AND 
CONSTRUCTIONAL ENCINEERING 


INCLUDING PRESTRESSED CONCRETE 
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EDITORIAL NOTES 


Aeronautics and Civil Engineering. 


AT first sight there does not seem to be a very close connection between con- 
crete construction and aircraft design, and probably not many civil engineers 
engaged on research, design, or civil engineering construction realise that without 
their work high-speed flight would be impossible. This was one of the points 
made in the last Wilbur Wright Memorial Lecture * to the Royal Aeronautical 
Society. The phenomenal performance of present-day aircraft, the lecturer said, 
had not been exclusively due to those who actually designed and built the aero- 
planes, for the best designers of to-day could do very little better than the Wright 
brothers if they were limited to the materials, constructional methods, and 
equipment of fifty years ago. Explaining the importance of constructional 
engineering to air transport, the lecturer referred to a calculation made by 
Hermann Glauert, one of the most brilliant British aeronautical scientists of the 
1920's, ‘‘ who established the thesis that the stalling speed of an aeroplane could 
not be less than about one-quarter or one-fifth of its maximurn flying speed, and 
no means had then been devised for landing aircraft at lower speeds. This 
meant that landing speeds in excess of a hundred miles an hour were adopted 
from necessity. Long concrete runways were therefore no less essential to the 
supersonic aircraft of to-day than the jet engines which propelled them.’’ The 
resources of constructional engineering are also at the service of atomic scientists 
in the design of concrete shields to confine the extraneous nuclear radiation which 
cannot at present be controlled and directed to the production of useful work. 
It would be unrealistic to suppose that the place of concrete in the develop- 
ment of atomic energy is any more than a minor and subsidiary adjunct of the 
atomic piles and reactors, just as in conventional power stations the steam turbines 
and the generators are the vital elements rather than the chimneys and cooling 
towers. However, this subordination of the constructional element to the 
mechanical, electrical, and scientific must not lead civil engineers to restrict their 
interest to structures in which the constructional features predominate. It is as 
necessary that research should be directed to reducing the thickness of a runway, 
or of an atomic screen, as it is to increase what are now considered to be the 
*“ Prophecy and Achievement in Aeronautics.” 40th Wilbur Wright Memorial Lecture, read before the Royal 


Aeronautical Society at the Institution of Civil Engineers by Sir Harry M. Garner, K.B.E., C.B., M.A., Chief Scientsst, 
Ministry of Supply 


p—July, 1952. 193 
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longest economic span of a girder or height of a column. For this reason, 
designers of runways and the ancillary equipment of mechanical and chemical 
engineering plant will be grateful for the recognition accorded in this lecture to 
their work on airfields. 





The extent of a high-speed aeroplane’s dependence on civil engineering was 
summarised by the lecturer when he referred to long and expensive runways as 
‘‘ stupendous millstones around the necks of military and civil operators "’, which 
were proving an intolerable burden. Indeed so heavy was this burden that those 
concerned with flying were already considering the possibilities of a new type of 
flying machine capable of taking-off and landing vertically, a development which 
would depend on the production of an engine thrust greater than the weight of 
the aircraft. Another method of avoiding expensive runways is, of course, a 
greater dependence on flying boats, especially for civil transport. ‘“‘ The con- 
struction of larger and larger costly land aerodromes, using land that would 
otherwise be available for agriculture and industrial use, must surely be found 
to be too great a price to pay for the convenience of civil aviation.”’ If, as the 
lecturer envisaged, the limit has been reached in conventional runway construc- 
tion, new constructional problems wil! arise in connection with the operation of 
novel types of land plane and larger flying boats, and constructional engineers 
must be ready to meet and solve these problems as they arise. 

Discussing the comparatively recent achievement of supersonic flight the 
lecturer said: ‘‘ The excessive rise in ‘ drag ’ as the speed of sound is approached, 
with the associated loss of stability and control, led to what was known as the 
‘ brick-wall barrier’. Scientists thought that not only would flight at speeds 
beyond that of sound be difficult, but that flight in the region near that of sound 
would be highly unstable and dangerous. If sufficient thrust could be provided 
to enable the aircraft to pass through this dangerous region quickly there might 
not be time for the lack of stability and control to make itself felt. But there 
was doubt whether this passage of the barrier would ever be more than a dangerous 
experimental technique.”” That was the problem which confronted aeronautical 
scientists only a few years ago. Now the problem has been solved, and the lecturer 
continued: “Subsequent developments have shown that the difficulties of 
transonic and supersonic flight are not so serious as the scientists had thought.”’ 
Here is a lesson to be learned and an example to be marked not only by those 
engaged in aeronautics but by scientists and engineers in all branches of engineer- 
ing. A “ brick-wall barrier ’’, which appeared to be an insurmountable obstacle, 
later lost its apparent invincibility. Constructional engineers have a long- 
standing and continuing reputation for their refusal to be daunted by difficulties, 
as the achievements of I. K. Brunel, Sir Benjamin Baker, Sir Donald Bailey, 
and many others bear witness, but it is well to be reminded by one of the fore- 
most authorities in another branch of endeavour and achievement that there are 
few “ brick-wall barriers ’’ that cannot be demolished or surmounted by the 
scientist or the engineer if he bring to his task a sufficient measure of confidence, 
determination, and skill. 





(& Some 7 SLABS SPANNING IN TWO DIRECTIONS. 


Rectangular Slabs Spanning in Two 
Directions. 

Analysis by Pattern of Fractures. 

By Professor H. CRAEMER (ALEXANDRIA 
THE principles of the analysis of a reinforced concrete slab supported along two 
or more sides were dealt with by the writer in this journal for August, 1950. 
In the following, these principles, which are based on a consideration of the 
pattern of the fractures at failure of the slab, are applied to rectangular panels 


supported on four sides and carrying a uniformly-distributed load or a trapezoidal 
load, and a slab supported on three sides carrying a triangularly-distributed load. 


Slab supported on Four Sides: Uniformly-distributed Load. 
The pattern of the fractures of a rectangular panel has been frequently 
shown by tests to be as in Fig. 1, the fragments being ABFE, CDEF, AED, 
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Fig. 2. 


and BCF, formed by fractures along the lines AED, BFC, and EF. Sometimes 
the fractures fork near the corners, but the effect on the load-carrying capacity 
of the slab is negligible. In Fig. 1, 1, and 1, are the lengths of the sides of the 
. l ; : 
panel of a slab of constant thickness, and “—y. The reinforcement in the 


l 


bottom of the slab is assumed to produce a moment of resistance m, at failure 
for the bars parallel to /,, and m, for the bars parallel to 1, ; m, and m, are the 
moments for unit length. If there is reinforcement in the top of the slab at the 
supports, the lines of the supports are also lines of fracture and the correspond- 
ing moments of resistance are m,, m,, m,, and m, on unit length of AB, CD, 
AD, and BC respectively. 

Generally, the position of the fracture EF is not known, that is the dimensions 
X4l,, Xgl, Xsl,, and x,l, are unknown. Consider fragment ABFE. Since the 
bottom reinforcement parallel to J, is generally constant for the distance /,, it 
exerts a moment mJ, upon the fragment, and the reinforcement along the top 


z 
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of the edge AB exerts a moment mJ,. The total moment of the internal forces 
about AB is therefore (m, + m,)l,. If the intensity of the uniformly-distributed 
load on the slab is w, the total moment about AB of the load on the fragment is 
o-5 xq, — 0°33x412(x3 + x,)l,)w, 
which must be equal to the total moment of the internal forces, that is 
wxil? 


6 — Cul; 


3 — 2(%3 + %)] 
Similarly, for fragment CDEF, 
we x3/? . o 

i 2(x3 + x,)] = Cywl: . . . (2) 

For the triangular fragment ADE, equating the total moment of the internal 


forces (m, + m,)l, to the moment of the load about AD, , gives 


wl, x3l* 
( 


u xl" i. a 
é , K yt l; 
) 


io - ~» Wi, . 4 
Similarly, for fragment BCF, m, + m, = = Kul; . 
; ) 


The coefficients in formule (1) to (4) are 


To. ‘ 
2(%3 t X4)) > C, : 6 3 . 2(X3 T X,) ; K, — 


A chart giving values of C, and C, is given in Fig. 3. If a pattern of cracks is 
assumed, that is if values of the ratios x, to x, are assumed, the corresponding 
values of the coefficients and the value of wi? enable the sums of the bending 
moments to be calculated. The moments m, and m; at the supports occur only 
with the midspan moments m,, and m, and m; only with m,. The total resist- 
ance, therefore, remains unchanged if the bottom reinforcement is increased 
and the top reinforcement decreased, or inversely. 

In the numerical examples which follow the method of designing slabs for 
various conditions is described, and in the first example a comparison is made 
with the results obtained by applying the recommendations of the British 
Standard Code of Practice No. 114. 

EXAMPLE No. 1.—The dimensions of a panel continuous over the supports 
on four sides are: /,, 16-7 ft. and J,, 17-8 ft.; w = 350 lb. per square foot. 
(a) Assume x, = x, = 0°5, and x; = x, = 0-4; therefore x, + x, = 0-8. Since 

17°8 a ee 

16°7 1:06, from Fig. 3 Cy = C, = 00583. Therefore 
m, + mM, m, + m, = 0:0583wl2 = 0-0583 x 350 x 16-72 = 5700 ft.-lb. per 
foot. If the bending moment at the support is assumed to be 3200 ft.-lb., 
the bending moment at midspan is 5700 — 3200 = 2500 ft.-lb. in the direction 


(1-06 x 0-4?) 
6 
m, + m, = 0°03 X 350 X 16°77 = 2920 ft.-lb. per foot. If the 


of J, By substitution, K, = K, - 0-03, and, from (3) and (4), 
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bending moment at the support is assumed to be 1750 ft.-lb., the bending 
moment at midspan is 2920 — 1750 = 1170 ft.-lb. in the direction of /,. Thus 
all the bending moments required for the design are known. By symmetry, 
X, = X, = 0°5 is an accurate assumption, but x,(— x,) might be more or less 
than the assumed value of 0-4. Any other value assumed, as in (c), will affect 
the calculated bending moments, but, if the resistances required by any reason- 
able assumption are provided, the design will be sound. This view also applies 
to the division of the total bending moment between the sections at the supports 
and midspan. All bending moments are on 1-ft. width of slab. 

(6) In accordance with the recommendations of British Standard Code 
No. 114, the bending moments in the foregoing are as follows : 

m, = 0°028 X 350 X 16°72 = 2740 ft.-lb. ; m,, = m, = 0°037 X 350 X 16°77 = 3600 
ft.-lb. 

mM, = 0°025 X 350 X 16-7? = 2440 ft.-lb. ; m, = m, = 0-033 X 350 X 16°77 = 3230 
ft.-lb. 
These bending moments exceed those calculated by the proposed method, 
but resistance to them need be provided only on a width of slab equal to three- 
quarters of the span, whereas in the design based on the pattern of fractures 
it is assumed that the resistance is provided for the entire length and breadth 
of the panel. 

(c) Assume x, = x,=0°2,%3 + x, = 0-4; then m, + m, = m,+ m, = 0-0g2wl; 
compared with 0-0583w/; in (a) and (0-028 + 0-037) = 0-065w/? in (b). Also, 
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m, =m, + m, = 0-007wl; compared with o-o30wl/; in (a) and (0-025 


0°033) 0:058wl= in (4). 





EXAMPLE No. 2.—Assume that the slab in Example No. 1 is freely sup- 
ported along one of the shorter sides. Assume that x, = x, = 0°5, %; = 0°35, 
and %,= 0°45; %,+%,=08 and C, = C, = 00583, and, as_ before, 
m, + m, = 5700 ft.-lb. per foot, m, = m; = , say, 3320 ft.-lb., and m, = 2380 
ft.-lb. Also, AK, = 0-023, and m, + m, = 0°023 K 350 X 16°77 = 2250 ft.-lb. ; 
K, = 0-038, and m, + m, = 0-038 * 350 X 16-7" = 3710 ft.-lb.. Since m, = 0 
m, = 2250 ft.-lb., and m; = 3710 — 2250 = 1460 ft.-lb. per foot. 


EXAMPLE No. 3.—It is assumed that the reinforcement over the supports 
of the slab in Example No. 1 is such that m, = 4410 ft.-lb. and m, = 1770 ft.-lb. 
4410 — 1770 


per foot. Therefore - 00-0272. From (1) and 
r 350 X 16°7* 


21,x, — 
6/2 3 3 + %4)|. If it is assumed that x, = x, = 0-4, 
My 


from the two preceding equations x, = 0-558 and x, = 0-442, for which 
C, = 0-073 and C, = 0-046. Therefore m, + m), = 0°073 * 350 x 16-7? = 7100 
ft.-lb. and m, + m, = 0-046 * 350 x 16°72 = 4450 ©ft.-lb., from which 
mM, = 7100 — 4410 = 2690 ft.-lb., or m, = 4450 — 1770 = 2680 ft.-lb. per foot. 


Slab supported on Four Sides: Trapezoidal Load. 


It is assumed that the intensity of load is constant in the direction /, but 
varies from w, along AB to w, along CD (Fig. 2). The load can then be con- 
sidered as a uniformly-distributed load w and a double triangularly-distributed 
load, the ordinate at CD being w, — w (positive) and the ordinate at AB being 
w — w, (negative). The load w is the intensity of load at the fracture EF, and 
is therefore 0-5\w, + w, + (x, — x,)w9] if we = w,— w,. The action of w is 
similar to that described in the preceding part of this article. The action of the 
triangular loadings is considered in the following. The two actions must be 
superposed to obtain the resultant effect. Within limits, the values of x, to x, 
can be chosen freely as before, but the same pattern must be assumed for the two 
actions since they occur simultaneously. 

It is seen that the maximum intensity of the negative load is x,w, and of the 
positive load x,%’g as in Fig. 2. The load on an elementary strip a of fragment 
ABFE is y Vi(%g + %4)]xywol,.dy,(x,1,), and the total moment 

32>, J2 
about AB of the loads on all strips from y, = 0 to y, = Tis Pe 


which must equal the total moment of the internal forces, that is (m, 
Therefore 
Wyle 77 
12 (%¥3 + %,4) 
Fat a Wxilt 
Similarly for fragment CDEF, m, 4 + — 
12 
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The load on an elementary strip 4 of fragment ADE is 
(I — ¥,)aj%v, wo d,.dy, 
and, on strip c, + (I — ¥2)x3%3V_i'l,l,.dy,. The total moment about AD on 
the loads on all strips 6 from y, = 0 to y, = 1 and on all strips c from y, = 0 to 
X3\%e 
24 


(m, + m,)l,. Therefore 


X,) 2 : 
“wa J?, and must be equal to the total moment of the internal 


X5(X, ~ Sah 
Wy; and m, + m, wel, (7) & (8) 

> 
24 “4 

EXAMPLE No. 4.—Assume the data for a reinforced concrete retaining wall, 
freely supported along the two horizontal edges and continuous over the vertical 
edges, are: /, (vertical), 13-1 ft.; 1, (horizontal), 16-4 ft. ; w,, 102 lb. per square 
foot ; Ws, 410 lb. per square foot : therefore i’'g 410 102 305 lb. per 
square foot, and w 0°5 102 + 410 + (0°55 — 0°45)308 272 lb. per square 
foot. 

Assume x, = 0°55, %, = 0°45, and ty = X= 0'4. Due to w, by calculations 
as in the first part of this article, m, + m, = 3430 ft.-lb., m, + m, 2200 ft.-lb., 


and m, + m, = m, + m, 2010 ft.-lb. per foot. Due to wy», from formula (5), 


a a 
0°8)308 » 8) -lb.; from formula (6), 
: 72 


os a 
308 >» 8: lb.; from formule (7) 


I2 


= 16-4? 
and (8), . y + Mm, = 0°47(0°45 *55)308 » “ 55 ft.-lb. 
By addition, and since m,=m,;=0, m, = 3430 — 880 = 2550 ft.-lb., or 
m, = 2200 + 485 26085 ft.-lb.; the average of these two values is sufficiently 
correct for design purposes, that is m, 2620 ft.-lb. Also by addition, 
m, + mM, m, + m, 2010 — 55 1955 ft.-lb. and, assuming », m, 


say, 860 ft.-lb., m, 1955 860 1095 ft.-lb. per foot. 


Slab supported on Three Sides: Triangularly-distributed Load. 


The common case of a slab, such as the wall of a container, continuous at 
the bottom edge and at the two vertical edges but unsupported along the top 
edge, is considered in the following. The intensity of the load is assumed to 
vary from nothing at the top to w at the bottom. The notation is generally as 
in the preceding analyses and as in Figs. 4 and 5. 


CasE I.—l, > 1, (Fig. 4).—The lines of probable fracture are DG and 
CH. The load dP, on an elementary strip of the fragment CDGH is 
(I — 2x, + 2x,y)vwlJ,.dy, and on an elementary strip of the fragment ADG the 
load dP, is (1 — y)x,ywlJ,.dy. If unit displacement at right-angles to the plane 
of the slab is applied to the edge GH, the fragments remaining plane, the move- 
ment of dP, is 1 — y unit, and the movement of the centroid of dP, is 0-5(1 — y) 
unit. The work done by the load on the strip of length J, is (1 — y)(dP, + d4P,), 
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that is (1 — y)(I — x3 + x3y)vel,,.dy. By integration from y = 0 to y = 1, the 


ee 
total work A, done by the external forces is = “wh J,. The total moment of the 


internal forces on the fragment CDGH is 2m,x,/, + mz;l,. Since the angle of 


: . = , F 

rotation of the fragment is y the work done A, by the internal forces is 
zr 

(m’, + 2x,m,)r. Similarly, for the fragments ADG and BCH, the total moment 

of the internal forces about the vertical edges is [(m, + m,) + (m, + m/;)\l,, the 


ty | | 
Ly 1 & | 


A J 






































ty > Cx 


Fig. 4. 


; I 7s , 
angle is —-, and the work done A, is —-(m, + m,). The total work A, done by 
XJ ss * , ; 
the internal forces is A, + A,. Since A; = A, 
sa 24(m, + m,) 
- x,)wl J, = 12(m, + 2xym,)r + = . . (9) 
“a 


Another equation, which results from the fact that the value of x, must be 


. . ° . s x du . 
such that the load carrying capacity of the slab is a minimum (‘ha ‘>= 0), 1S 
, , aX3 


4(I — x3)(m, + m,) = x2r2(4m,+ m,) . : . (10) 


a l 


4 
+, and ut, 5, from (g) and (10) 


y 
M,) and u, - - + Ms) . . (11) 


The value of x, is assumed and also positive values of any two of the 
coefficients u,, M,, “,, and u, except u, and u, together. Substitution in (11) 
gives the values of the other two coefficients. 


EXAMPLE No. 5.—The data for a slab supported on three sides are /,, 13-1 ft. ; 
l,, 98 ft.; w, 308 lb. per square foot. Assume x3 = 0-3, “, = 0°07, and 
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u, = 0-005; from the first of formule (11), «, = 0-0023. 


second formula (11), “, = 0-0393. 
m, = 0-°0393 X 308 xk 9:8? = 1160 ft.-lb. 
m, = 0°005 X 308 X 13-1? 
Ib. per foot. 


SLABS SPANNING 


IN TWO DIRECTIONS. 


Substituting in the 


Therefore the bending moments are : 


’ 


; m, = 0°07 X 308 X 9:8" = 2060 ft.-lb. 
: 265 ft.-lb. ; m, = 


0-0023 X 308 X 13-1? = 120 ft.- 


Case II.—-, <1, (Fig. 5).—The lines of probable fractures are DK, CK, 
and KJ. By a method of analysis similar to the foregoing, the equation express- 
ing the equality of internal and external work is 


24(u, + 4) + G6x,(u, + mu.) — 6x, + 4x3 — x3 = f(x,) = 0, 


df (x) _ 


and from 
dx, 


Combining (12) and (13), 4, + 4, = 


EXAMPLE No. 6.—The data for a slab supported on three sides are : 
510 lb. per square foot. 
Therefore u, + u, = 0-031 from (14), and u, = 
0-025 from (13), and u 


g°8 ft. ; 1,, 16-4 ft.; and w 
and u, = 0°5%4. 
Uy, = 0°0207; u, + uy 
the bending moments are : 


m, = 00103 X 510 X 16-4? 
2850 ft.-lb. per foot. 


as 


Effect of the Wind on 


As a result of damage to the Golden Gate 
bridge at San Francisco, an investigation 
is to be made on the question of whether 
the bridge can be strengthened. The 
bridge is a suspended steel span of 4,200 ft. 
During a gale in December, when the wind 
exceeded 50 miles an hour continuously 
for four hours and reached a maximum of 
60 miles an hour, the maximum vertical 
vibration of the deck was 130-in. double 
amplitude with a frequency of 8-4 cycles 
per minute. This occurred at a quarter 
point, indicating unsymmetrical move- 


- 1420 ft.-lb. ; 


(12) 


(13) 


(14) 
has 


y 
Assume x, = 0°5, Uy = Ug, 
oO-0OI03 and 


Therefore 


y = Ug = 0°0125. 


Ld 2 
mM, = 0°0207 510 16-4 


y = 00125 X 510 X 9:8? = 610 ft.-lb. per foot. 


Golden Gate Bridge. 


ment. No conclusions could be reached 
whether or not there was torsional motion, 
but eye-witness reports say there was. 
(It was an unsymmetrical torsional move- 
ment caused by the wind that led to the 
failure of the Tacoma Narrows bridge in 
1940.) This was the greatest movement 
of the bridge that has been recorded 
The bridge has been subjected to winds 
of greater velocity, but none was of such 
long duration or in a direction to cause 
such a large movement according to the 
records of the structure. 


Dams in India. 


THE Government of the Punjab has 
engaged Mr. Harvey Slocum, who was the 
construction superintendent of the Grand 
Coulee, Friant, Bull Shoals, and other 
large dams in the United States of 
America, to supervise the construction of 
dams in the State. Up to fifty American 
engineers will accompany Mr. Slocum. 
The largest dam now in course of con- 
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struction in the Punjab is the Bhakra 
dam, which will be 680 ft. high and con- 
tain five million cubic yards of concrete 
Several other dams are in course of con- 
struction or are projected in the Punjab, 
and it is understood that American engin- 
eers are being employed because of the 
slow rate of progress at present being 
made. 
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Book Reviews. 


“Reinforced Concrete." By Oscar 
(London: E. & F. N. Spon, Ltd. 


Faber, C.B.E. 
Price 308.) 
Tuts book of 228 pages is written in a 
most interesting manner suited in par- 
ticular to the novice but it will also be 
beneficial to experienced engineers. It 
deals with the subject with particular 
reference to the British Standard Code 
of Practice No. 114 

Che first chapter traces the properties 
and uses of concrete from its inception 
as a structural material and the second 
deals with progress in recent years, in- 
cluding prestressed concrete. The next 
two chapters describe the materials of 
which reinforced concrete is composed as 
well as their physical characteristics, both 
separately and in combination, and give 
valuable information on water-cement 
ratio, shrinkage, and cube and cylinder 
strengths The elementary design of 
slabs, beams, columns, and footings is 
clearly dealt with in chapters 5 to Io. 
Chapters 11 to 17 deal with special appli- 
cations and structures such as piles, silos, 
shell roofs, reservoirs, chimneys, precast 
concrete, and prestressed concrete. These 
chapters, though short, contain much 
good information 

The book, in its brief treatment of all 
these subjects, avoids the use of higher 
mathematics. In the second chapter 
attention is drawn to the possible objec- 
tions to the use in ordinary reinforced 
concrete of high steel stresses such as 
27,000 lb. per square inch and above. 
The examples of columns, particularly on 
page 138, illustrate the practical diff- 
culties that occur as the amount of longi- 
tudinal reinforcement approaches the 8 
per cent. upper limit permitted by the 
code The book contains within its 
short limits much useful information, 
with many tables and graphs, and is 
highly recommended 
R. P. M. 


“Des Ingenieurs Taschenbuch."’ Volume III 
Bauingenieurwesen Part 3 Berlin Wilhelm 
Ernst & Sohr 195! Price 15 DM 

[He 27th edition of this handbook deals 


with foundations and earthworks : water- 


ways; dams and hydro-electric works ; 
and water supply, sewerage, and sewage 
disposal. The basic problems and 
theories are stated concisely, and there 
are many excellent illustrations and 
copious references. Foundations in 
ground and under water are described in 
great detail. Data are given for any 
combination of surcharge against retain- 
ing walls, with diagrams relating to re- 
taining walls, quay walls, and abutments. 
Foundations for machines are discussed, 
with special reference to preventing 
vibration. Equations are given for deter- 
mining economical haulage distances in 
tunnels. In the section on waterways are 
discussed hydrological principles, plan- 
ning and design of canals, channels, river 
improvements, estuaries and tidal work, 
docks and harbours, and land drainage. 
Considerable attention is given to the 
design of dams of the arch type and the 
economics of hydro-electric works. The 
notes on the disposal of storm-water are 
interesting insofar as empirical formule 
still appear to be used, whereas in this 
country such calculations are based on 
the Lloyd-Davies method of 1906 with 
improvements such as the _ time-area 
graph. 


** The Structural Analysis of the Dome of Discovery.” 
By T. O. Lazarides. (London: Crosby Lockwood & 
Son, Ltd. Price 25s.) 

THE original design of the Dome of Dis- 
covery at the Festival of Britain was 
an approximate treatment. An exact 
analysis was, however, later carried out 
by the method of relaxation for statically 
indeterminate structures as described by 
Professor R. V. Southwell. The author 
gives a complete description of the 
method and details of the calculations, 
including the loading assumptions, the 
choice of the axes, the calculation of 
the influence coefficients, the preparation 
of the conversion, operational and main 
relaxation tables, and the recompounding 
of the individual members. A full dis- 
cussion of the behaviour of the structure 
under load completes this record of redun- 
dant space-frame calculation 
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PATHOLOGY 


OF REINFORCED CONCRETE, 


The Pathology of Reinforced Concrete. 


By HENRY LOSSIER. 


HE following is an abstract of a book entitled “‘ La Pathologie 


du Béton Armé,”’ 


written by M 


Henry Lossier, the eminent 


French engineer, and published by Editions Dunod, of Paris, 
which is translated here by arrangement with the autor and 


publisher. 


numbers of this journal, M. 
information based on his long experience 


In this abstract, which will be continued in later 
Lossier gives much 


valuable 


The translation 


from the French is by Mr. R. E. Walsh, M.A., B.Sc. 


CHOICE 


Curved Beams, or ‘‘ Flat Arches ’’. 


OF 


A special case is the flat “‘ arch ’’, that 
is a beam with a straight extrados and 
a slightly arched intrados. The design of 
these beams was the subject several years 
ago of many discussions ; some engineers 
treated them as fixed-ended beams of 
variable section and others as true arches 
subjected to horizontal thrust. This dis- 
tinction is, if not theoretically at least 
practically, of no moment ‘= 
assumed that the deflection of the intrados 
is comparatively great, and if the stresses 
are computed on the basis of an elastic 
arch fixed at its ends—that is to say, 
assuming that the supports can resist a 
horizontal thrust without deforming—a 
line of thrust inclined towards the sup- 
ports may be drawn approximately as 
shown in Fig. 1 As the deflection of the 
intrados diminishes the thrusts 2 become 
more nearly vertical and the horizontal 


Line of thrust 
er 


Uniform load 





TYPE OF STRUCTURE. 


thrust diminishes. On reaching the limit- 
ing case of zero deflection, the two thrusts 
are then wholly vertical and there is no 
horizontal thrust. There is thus no 
sudden change from the functioning as an 
arch to the functioning as a beam. In 
the case of very flat members used in 
structures of this kind, the results of the 
two methods differ only slightly 

The foregoing naturally assumes a 
normally reinforced member. If, as has 
sometimes happened, the reinforcement 
is incapable of resisting the imposed bend- 
ing moments, the beam functions in the 
manner represented by Fig. 2. At first 
it behaves as an arch with fixed ends and 
is subjected to large bending moments at 
the supports and at mid-span ; but these 
sections, being insufficiently reinforced, 
crack and the member opens in the 
extrados at the supports and in the in- 
trados at mid-span. As a consequence of 
this self-adjustment, the member becomes 
a true arch which either stands or falls 
depending on whether or not the supports 
are capable of resisting the horizontal 
thrust without yielding. Since it is 
exceptional for the supports to be capable 
of resisting large horizontal thrusts with- 
out yielding, it is generally prudent to 
regard spans of this kind as beams of 
variable section with ends either fixed 
or freely supported according to the 
conditions 


Series of Arches. 


A series of arches of equal span without 
tie-bars, with walls or rocker bearings as 
intermediate supports, and capable of 
resisting only purely vertical forces, was 
the cause of one of the worst accidents 
recorded in the history of reinforced con- 
crete. Arches of this kind, which had to 
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carry a load of earth filling, were used to 
roof a large reservoir. Each span had 
been calculated as an arch on the assump- 
tion that, as the spans were identical and 
equally loaded, the horizontal thrusts 
would balance one another at each inter- 
mediate support. On covering the roof, 
instead of spreading the filling uniformly 
over all the spans, the earth was placed 
on a few spans only. The horizontal 
thrust from the loaded vaults, not being 
balanced by that of the neighbouring 
unloaded ones, caused the former to 
flatten with accompanying complete col- 
lapse of the whole structure as represented 
in Fig. 3. 

In order that multiple vaults of this 
kind should be stable, they must comply 
with the two conditions depicted in Fig. 4 ; 
first, the outer supports A and B must 
resist without yielding the inclined thrust 
R, and secondly the load must be 
uniformly applied over all the vaults. 

Generally, accidents of this nature are 
attributable to one of two causes, namely, 
the designer is content to provide ties 
in the outer spans, without bothering 
about the strength and rigidity of the end 
supports ; or the loads on the different 
spans are not kept equal. When a series 
of vaults must support variable loads the 
stresses can be determined with precision 
by the method of analysing a continuous 
elastic arch. When structures of little 
importance, which do not justify such an 
exact analysis, are concerned, it is suffi- 
cient to consider each span as an arch 
with fixed supports under the action of 
the dead load, and as a continuous beam, 
integral with its piers, under the action 
of the live load. 





(CONCRETE) 


Continuous Beams. 


Some engineers think that continuous 
beams should be designed as homogeneous 
beams, that is according to the common 
formule based on the elastic theory. 
Others consider that they should be 
designed by special empirical methods, 
assuming only partial continuity. Beams 
designed and constructed for perfect con- 
tinuity exhibit, in general, the advantage 
of cracking less than those designed for 
partial continuity. In effect, because the 
reinforcement is designed to resist tensile 
forces both at the supports and at inter- 
mediate sections, the limits of fatigue 
normal to the steel and the concrete are 
not exceeded anywhere, unless it be to an 
insignificant extent. 

Partially-continuous beams have often 
been designed by adopting the simple 


wl? 
formula a for the bending moment be- 


tween the supports, half only of the bars 
being bent-up over the supports. Under 
the action of the dead load, the stresses 
in sections over the intermediate supports 
tend to be higher than those for which the 
reinforcement is designed. Due to the 
resulting excessive deformation the dis- 
tribution of the bending moments adjusts 
itself, the sections at the supports which 
are too weak relaxing at the expense of the 
stronger sections between the supports. 
There is then formed (sometimes at the 
cost of cracking of the extrados over the 
supports) a new state of equilibrium which 
tends to approach automatically the 
original hypothesis without any real sacri- 
fice of safety. The facility possessed by 
statically indeterminate structures (as 
also, moreover, by living organisms) of 
adapting themselves to abnormal con- 
ditions, with the object of delaying 
as much as possible the moment of 
their dissolution, is an almost universal 
phenomenon. 

In practice, a beam designed with 
monolithic spans on the assumption of 
partial continuity does not represent, in 
principle, a pathological case, provided 
that (a) the relative weakness of the 
sections over the supports is compensated 
by a corresponding excess of strength in 
the intermediate sections, and (b) the 
difference between the allowable values 
for the moments and those considered as 
limiting remains within the range usually 
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Fig. 5. 


accepted. A few cracks causing no risk 
to the stability of the structure are norm- 
ally the only objection to this departure 
from the common theory 


Arches and Vaults. 


The arch bridge is a type widely built 
in reinforced concrete because it 1s in 
general the most economical 

The adoption of a hingeless hyper- 
static arch, when the abutments are not 
absolutely rigid, is always an erroneous 
conception. It is, however, only seldom 
that a true failure occurs, since the arch 
forms its own hinges on cracking, but more 
or less serious damage may be caused. 
The use of temporary hinges or of lowering 
the centering by jacks is only a partial 
remedy, because eventual shrinkage and 
settlement of the abutments can some- 


CALCULATIONS 
Theory and Reality. 


It is possible to be at one and the same 
time an outstanding mathematician and 
a mediocre engineer, for in engineering, 
as in many other arts, pure science is of 
little avail unless it is directed by sound 
common sense. Two principal considera- 
tions must be borne in mind : First reality, 
which is independent of any ideology or 
preconceptions ; Secondly theory, which 
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times continue for several years before 
they become quite stable. One of the 
most typical cases is a footbridge of 140-ft 
span, built over a canal in the year 1931 
(Fig. 5). This bridge was founded on 
gently-raking piles bearing on rock under- 
lying mud of no consistency. The in- 
clination of the thrust # of the bridge not 
coinciding with that of the piles, and the 
resistance of the mud being incapable of 
preventing movement of the piles, the 
abutments spread, following the removal 
of the centering of the arch, with increas- 
ing rapidity leading to the complete 
collapse of the bridge within six days 
It is essential in such cases either to con- 
struct the foundations of stable mono- 
lithic material or to provide abutments of 
piles having varying slopes according to 
the thrusts of the arch as generated by all 
possible combinations of loading 


OF STRENGTH. 


is of human origin and of arbitrary char- 
acter, which seeks to impart a simplified 
and comprehensible image of reality, 
enabling reasoning and the formulation 
of conclusions to be made with the least 
risk of error. No theory coincides exactly 
with reality, and their divergencies are the 
principal cause of most of the false reason- 
ing of theorists. Who has not, in iden- 
tifying an approximate image (which is 
the theory) with the object itself (which 
is the reality), followed indefinitely the 
thread of his reasoning oblivious of the 
fact that he has long before left the track 
of healthy logic? In metal construction 
the working of most structures depends 
on a smaller number of factors than does 
reinforced concrete structures, because the 
latter are subjected to the factors of mono- 
lithism and variations with the weather 
of the characteristics of some of their 
components. This is why builders in 
reinforced concrete are particularly ex- 
posed to the vices of impenitent theorists 
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SLAB-AND-BEAM CONSTRUCTION.—Con- 
sider as an example the case of a simple 
slab with parallel and equidistant beams 
(Fig. 6). In designing this slab the com- 
mon formule applicable to a continuous 
beam of uniform section resting freely on 
unyielding supports are most frequently 
used. Yet (a) the slab is not of uniform 
section since it has two layers of reinforce- 
ment over the beams and a single layer 
between them ; (b) the slab does not rest 
freely on its supports since it 1s integral 
with the beams which resist the torsion ; 
and (c) the supports of the slab are not 
unyielding since the beams deflect un- 
equally under the action of the varying 
live loads; this deflection diminishes 
towards the ends. The striking differ- 
ences which exist between the assump- 
tions made by designers and the reality 
in this reputedly simple case demonstrate 
how illusory may be the results of some 
accepted methods of calculation. 

Bow-STRING BrIDGES.—As a_ second 
example, consider the case of a bow-string 
bridge (Fig. 7) comprising a _ lightly- 
reinforced concrete arch and a horizontal 
tension member having a high percentage 
of reinforcement. In course of time the 
shrinkage and creep of the concrete have 
a much greater effect on the linear varia- 
tions of the arch than on those of the tie. 
Also the functioning of the structure will 
change, under both the live and dead 
loads, after its completion, and for im- 
portant bridges an attempt should be 
made to evaluate the extent of these 
changes 

MULTIPLE-SPAN BRIDGES Arch 
bridges comprising multiple spans have 
also suffered from bad theory. In the 
early days of my career | designed a rein- 
forced concrete viaduct with arches of 
equal span carried on high piers. Using 
the theory of an elastic ellipse I took into 
account the deformation of both piers and 
arches due to accidental loads. Com- 
pared with the approximate method, 
based on the assumption of a series of 
arches on fixed supports in every case, 
this method, undoubtedly more exacting, 
led logically to a thickening of the arches 
and a thinning of the piers. This design 
was submitted in a competition, and the 
assessor was fiercely opposed to what he 
called a heresy. After a demonstration 
of principle with a model made of easily 
deformable material, he asserted that he 
would never agree that a test on a model 
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could challenge a method h« 
for many years 

THE MopULAR Ratio.—tThe coefficient 
m, by which the area of steel must be multi- 
plied to make it equivalent to the area of 
concrete, has been the subject of much con- 
troversy. There were originally two oppo- 
sing doctrines. Hennebique proposed an 
arbitrary compressive working stress in 
the concrete of 355 lb. per square inch and 
of 17,000 lb. per square inch in the steel, 
thus giving on m a value of 48. The 
orthodox school, starting with the premise 
that concrete has a mean coefficient of 
elasticity of about one-tenth of that of 
steel, decided that m 10, and this value 
was adopted in many regulations. If this 
value has on occasions led to some need- 
less extravagance in reinforcement, it has 
never been the cause of a failure 

Later, in order to take into account 
several factors, and in particular the effect 
of the concrete in tension on the position 
of the neutral axis in members subjected 
to bending, a modular ratio of 15 was 
adopted without regard to the formula 
derived from actual tests by M. Caquot 
and which logically incorporated the per- 
centage of reinforcement This constant 
value of 15 is much used in current 
practice, but I have often wondered why 
so many engineers have such an affection 
for the modular ratio. Let us follow the 
normal history of a compression member 
in service. At the outset of its life it will 
probably act as though the steel were 
equivalent to the concrete, but with its 
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E, and E, 


E, 
I 


being the respective coefficients of elasti- 


section multiplied by m 


city of the two materials Then, under 
the combined effect of shrinkage during 
hardening and creep, the concrete, by 
gradually shortening, will free itself 
partially from its initial restraint, thereby 
transferring load to the steel which has 
not shortened. In other words, the 
coefficient m will pass from a value 
ranging from 7 to 10 to a value which 
might exceed in certain cases three times 
these values 

It appears to be illogical to use a fixed 
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value of m which can agree only for the 
time being with reality, and which affects 
the cost of construction only very slightly 
except in the case of compression rein- 
forcement, the use of which is gradually 
being abandoned. Let a modular ratio 
of 10, 15, or even 20 be used, but do not 
let an academic viewpoint prevail when 
it is not in accordance with reality. 
STRENGTH OF CONCRETE.—A few words 
on the theoretical exactness of calculations 
of the strength of concrete. There are 
some who persist in working to an impos- 
ing number of decimal places, although 
the practical agreement between the 
theories and reality is not greater than 
70 per cent. to 80 per cent. There are 
others who, with greater justification, re- 
pose unlimited confidence in calculations 
based on the mathematical theory of 
elasticity. Again, basic hypotheses may 
differ very greatly from reality. On the 
one hand reinforced concrete is not in 
every respect a homogeneous material, 
and on the other hand the errors of the 
hypotheses are multiplied along with the 
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OF REINFORCED CONCRETE. 
normal factors. In short, the functioning 
of reinforced concrete structures can sel- 
dom be defined theoretically with great 
exactitude even by the most orthodox 
calculations of strength. 

Hennibique carried out a number of 
works by applying a method sometimes 
considered, not without reason, to be 
heretical since it leads to the equating 
of an external bending moment with a 
moment of resistance formed by 
forces, one tensile and the other com- 
pressive, which are not equal. Neverthe- 
less no failure has occurred as a result of 
the use of this method, thanks to the 
sound common sense of its author and, 
it must be admitted, to the phenomenon 
of adaptation which compensates in some 
cases for the designer's errors. An engi- 
neer worthy of the name ought to have 
sufficient mathematical knowledge to 
enable him to comprehend all the current 
theoretical difficulties; but this know- 
ledge will be of little value unless he 
possesses, in addition, the rare quality 
of common sense. 
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(To be continued.) 


Precast Concrete Wall Slabs. 


As the result of experience of the use of 
precast concrete insulated wall slabs on 
a power station building, on which 60,000 
sq. ft. of such panels were erected a year 
previously, the slab shown in Figs. 1 and 2 
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has been adopted by the Union Carbide 
and Carbon Corporation of the U.S.A. for 
500,000 sq. ft. of walls at a new plant at 
Marietta, Ohio. 

The area of the slabs, which are in two 
sizes measuring 8 ft. by 8 ft. and 8 ft. by 
10 ft., is a compromise between the desire 
to have as few joints as possible and ease 
of handling the slabs. The height of the 
slabs also conforms to the window heights 
and other features of the elevations 

The slabs are 5 in. thick, and comprise 
two outer layers of concrete 1} in. thick 
and a core of insulating material 1} in. 
thick. The concrete has a compressive 
strength at 28 days of 4000 lb. per square 
inch, and comprises aggregate of } in. 
maximum size and 560 lb. of high-early- 
strength Portland cement per cubic yard. 
Each layer of concrete is reinforced with 
4-in. square mesh supplied in flat sheets 
The two layers of concrete are joined by 
strips of expanded metal bent channel 
shape, as shown in the section in Fig. 1. 
Two U-shape bars project from the top 
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of the slab for use as lifting hooks, and 
threaded inserts to receive connecting 
bolts are embedded near the top and 
bottom of each slab. 

As 3000 sq. ft. of slabs are being made 
daily, four different insulating materials 
are used in order to be sure of continuity 
of supply. These are (1) precast wood- 
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and after the slabs are erected the joints 
are packed with oakum and caulked. 
The edges are slightly bevelled to reduce 
damage to the arrises, and also to make 
less noticeable any slight irregularities 
The slabs are made in steel moulds. 
The inner face has a matt finish produced 
by using muslin in the bottom of the 
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Fig. 


wool slabs, (2) precast slabs made with 
wood chips, (3) cellular glass, and (4) 
glass-fibre. These are supplied in sheets 
2 ft. wide by 8 ft. long. The coefficient 
of heat transfer of these materials ranges 
from 0-14 to 0-33 B.Th.U. per hour per 
square foot per degree Fahr., compared 
with 0-36 for a 12-in. brick wall 
Tongue-and-groove joints are formed 
on all four edges. Before the slabs are 
erected a continuous strip of impervious 
cellular rubber is cemented in the grooves, 


2. 


mould. The outer face is finished with a 
wooden float and brushed to produce 
uneven shallow grooves vertically 

At every third course the slabs are sup- 
ported on the steel frame of the building 
by means of clips as shown in Fig. 2 
The slabs are hoisted by a crane, and 
2000 sq. ft. are normally erected in an 
8-hour day by a foreman and ten men. 
The foregoing notes and the illustrations 
are from ‘“‘ Engineering News-Record ”’ 
for January 24, 1952. 
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ANALYSIS OF GROUPS OF PILES. 


Analysis of Groups of Piles. 
A Semi-Graphical Method Based upon Displacements. 
By R. J. WILKINS, M.Sc.(Eng.), A.M.Inst.C.E., M.1.Struct.E. 


THE January, 1952, number of “ Concrete and Constructional Engineering ”’ 
contained an article by Mr. G. P. Manning on the analysis of groups of piles by 
the displacement method in which a general treatment was developed for the 
case of two inclined piles joined at the apex. This problem lends itself to a con- 
venient semi-graphical method which may be applied directly to any numerical 
case and which forms an interesting extension of the methods previously described. 
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No new theoretical treatment is involved by the semi-graphical method, which 
is based on the common methods used in moment-distribution analyses for the 
determination of secondary bending moments in framed girders with rigid joints. 
For comparison, the numerical examples used in Mr. Manning’s article are used 
to illustrate the method, and the same notation is employed. The selection of 
any particular method of structural analysis is largely a matter of personal 
preference, and claims of superiority must be carefully assessed. The present 
method may appeal to some designers because of its numerical and graphical basis. 

Fig. 1 shows two identical raking piles subjected to a horizontal pull of 15 tons. 
As pointed out by Mr. Manning, such piles are usually designed as pin-jointed at 
both ends as in Fig. 15, although actually they may be monolithic with the super 
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structure at the apex B and approach fixed-end conditions at A and C as shown 
in Fig. 1c. Considering the pin-jointed structure in Fig. 2a, the forces in the 
piles will be 23-7 tons direct tension in pile AB and direct compression in pile BC. 
Lhe piles have a slop of three vertically to one horizontally. These forces will 


6004. peens ; 
cause axial changes of length of ineach case. A Williot displacement diagram 


may now be drawn for the pin-jointed structure as in Fig. 2), in which ab’ repre- 
sents to scale the lengthening of AB, and cb’ the shortening of BC. Lines drawn 
normal to the direction of the axial changes in length represent the arcs of rotation 
about A and C and enable the displaced position of B to be determined from the 
intersection of the lines. Fig. 3a shows the displaced position of the fixed-ended 




















structure in which the members AB’ and B’C are considered to be held by external 
restraining moments in such a manner that the tangents at the extremities are 
parallel to the original position of the member but displaced from it by a relative 
displacement J. The value of this displacement may be scaled from the displace- 


: 2082 
ment diagram as 


When a member of uniform F/ is fixed at its ends and these ends are then 
displaced a relative distance A, but remain parallel, then moments are produced 


' 6EIA _ 

at each end of the member of magnitude 42 rhe proof of this formula is 
2 

given in text-books; it is one of the basic formule in moment-distribution 

methods. Sig. 3b shows how the formula is derived from the moment-area 


; , 2052 
properties of the elastic curve. Substitution of E for A, and the values for 


I and h, give the fixing moment at each end of AB and BC as 32,400 in.-lb. while 
the members are externally restrained in position. Note that a numerical value 
of E is not required since it cancels out upon substitution of A. 

In the actual structure, for the conditions shown joint B is free to rotate 
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Fig. 4. 


and no external moment is applied at this joint. Fig. 3 shows the moment- 
distribution table for the one operation of releasing joint B and giving the final 
moment M, = M, 16,200 in.-lb. as previously obtained. Fig. 4 shows the 
semi-graphical method applied to the same structure when subjected to a vertical 
load of 60 tons applied at B. In this case no balancing operation is required, 
and M, M, = M, 4800 in.-lb. as before. The unbalanced shearing forces 
which arise from this method are very small and may be neglected. Cases of 
unsymmetrical piles, different end conditions, and so on, may be allowed for by 
the common methods of moment distribution when extending the analysis to 


other cases. 


The valnable comments made by Mr. Manning on the effect of ground condi 
tions, the effective length of the pile, and the influence of hard layers near ground 
level remain valid, since the assumptions made for a particular design depend 
upon engineering judgment and in themselves are just as important as the 
structural analysis. They are clearly independent of the particular method 
employed for a structural solution. 


A Bridge-testing Machine. 


\ VEHICLE weighing 8&5 tons for testing length overhangs the end of the trailer 
the strength of road bridges has been com A further load of 30 tons of ballast can be 
pleted for the Ministry of Transport [he piled into a well at the top of the slab 
main feature of the machine is a slab of andthe weight on one bogey can be varied 
concrete 35 ft. long by 7 ft. 9 in. wide by from 20 to 90 tons Tests on road bridges 
2 ft. thick and weighing 50 tons Chis were to begin in June The machine is to 
slab is mounted on rails on a solid-tyred be used mainly to test the ability of 
well-deck trailer in such a manner that it masonry arch bridges to carry heavy 
can be rolled along until nearly half its loads 








A PRECAST REINFORCED CONCRETE DOME. 
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A Precast Reinforced Concrete Dome. 


THE construction with precast reinforced 
concrete segments of a dome of ft. 
diameter in a church recently rebuilt 
in Karlsruhe is described in a recent num- 
ber of “‘ Beton-und Stahlbetonbau.’’ The 
dome comprises sixty-four identical seg- 
ments, the bases of which are supported 
on a tension ring on masonry walls, and 
the tops against a thrust ring which also 
supports a skylight Provision is made 
for a false domed ceiling to be attached 
later limber scaffolding (Fig. 2) erected 
to support the thrust ring also supported 
the pivot of a rotating gantry crane 
Fig. 3), the other support of which was 
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Fig. 1. 


a bogie on a rail on the 
The segments were cast 
floor of the structure (Fig 
in position by the crane. To avoid 
unbalanced thrusts on the thrust ring 
during construction, the segments were 
erected in pairs opposite one another 
(Fig. 2). When all the segments had been 
erected, the joints in the thrust and 
tension rings were filled with concrete. 
The segments act as curved ribs, there 
being no circumferential stresses owing 
to the joints between the segments. 
Circumferential forces are resisted entirely 
by the thrust and tension rings. Under 
the most unfavourable loads, the stresses 
in the segments 
compressive 


tension ring 
on the ground 
1) and placed 


almost entirely 
Only during erection were 
the segments subjected to large bending 
stresses, when they had to support their 
own weight and resist wind forces while 
acting as freely-supported 


are 


beams. In 


this temporary condition the tensile stress 
in the reinforcement was 28,500 lb. per 
square inch 

The segments are tee-shape, the thick- 
ness of the flanges being 2 in. They are 
of dense concrete, so it was not considered 
necessary to provide a waterproof cover- 
ing except at the cornice. At the abut- 
ting edges of the segments the thickness 
of the flanges is 4 in. and a watertight 
joint is formed by a covering of semi- 
circular concrete tiles. The ribs of the 
segments are 16 in. deep and _ taper 
generally from 4 in. at the bottom to 
about 7 in. at the junction with the flange, 


Mould for Making Segments. 


thus permitting easy removal from the 
moulds. The radius of the segments is 
about 61 ft. 

The curved parts of the moulds (Fig. 1) 
were faced with concrete. A rough mould 
was made first from old bricks and 
masonry and then finished accurately 
with reinforced concrete. Three moulds 
were employed, each being used more 
than twenty times. No special measures 
were used to accelerate the hardening of 
the concrete. The concrete surfaces of 
the mould formed a smooth finish on the 
segments. After being lifted vertically 
from the mould each segment, which 
weighed about 4 tons, was turned length- 
wise and hoisted obliquely, and for this 
operation two hand-winches were used in 
conjunction with the crane. The total 
weight of the reinforced concrete dome is 
much less than the weight of the former 
wooden dome. 
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Mobile Concreting Plant. 


lHe illustrations show the method of 
concreting channels on the main road 
near Doncaster by the use of a mobile 
plant. The work was done for the West 
Riding of Yorkshire County Council 
under the direction of Mr. C. Maynard 
Lovell, O.B.E., County Engineer 

The mixing plant consisted of a weigh- 
batcher, a high-lift loading shovel, and 
two 10/7 concrete mixers. The latter 


Fig. 1. 


Fig. 2. 


were raised to discharge directly into the 
lorries Three lorries (Fig I) were pro- 
vided with an opening in the side ; 
was fitted with a sliding door’on the 
inside of the lorry and a detachable 
chute was made to enable the concrete to 
be placed directly into position 

The channel was provided with a thin 
surface course of white concrete. To mix 
and place this material a mobile plant 


this 


Concreting Road Channel. 


Mixing Plant for Surface Concrete. 
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mounted on a 5-ton low-loader trailer 
(Fig. 2) was set up consisting of storage 
hoppers for }-in. aggregate and limestone 
dust with controlled outlet chutes, and 
a 5/34 concrete mixer discharging into a 
hopper provided with a chute to a con- 
trolled discharge outlet. The trailer was 
towed by a lorry carrying a_ water- 
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storage tank from which water was fed by 
gravity to the mixer. White Portland 
cement for the topping was also carried 
in the lorry 

By the use of these lorries, the mobile 
mixing plant, and a mechanical ditcher 
for excavation, a maximum output of 450 
linear yards per day was obtained 


The Reinforced Concrete Association. 


[HE supply of reinforcement bars was 
the main topic discussed at the annual 
luncheon of the Reinforced Concrete 
Association held in London last month 

Mr. J. Cuerel (the President) said that, 
although the Government was convinced 
that reinforced concrete was a steel saver 
rather than a steel user, the supply of 
reinforcement bars was not sufficient for 
requirements. In the year 1950 the con- 
sumption of reinforcement bars was 
200,000 tons, In 1951 it was 240,000 tons, 
and for the months of 1952 for which 
figures were available the consumption 
was at the rate of only 200,000 tons a 
year, of which about one-quarter was im- 
ported. The consumption of reinforce- 
ment bars was the criterion of the 
progress of reinforced concrete, and it 
was obvious that the allocation of steel 
for reinforcement bars insufficient 
for the nation’s needs. In the United 
States of America the consumption of 
reinforcement bars per head of population 
was twice as much as in Great Britain 
Che present scarcity resulted in designing 
to suit the sizes of bars available, work 
was delayed because the contractor had 
to wait for bars to be delivered, and men 
did not work well if they did not know 
when the next supply of bars would 
arrive. The speaker pleaded for a larger 
allocation of reinforcement bars so that 
full advantage could be taken of the 
economy in steel that resulted from the 
use of reinforced concrete. There was 
now a better supply of wire for prestressed 
concrete 

[he President mentioned that the 
Association increasing its member- 
ship, and that it was influential in the 
preparation of codes of practice, by-laws, 
and other regulations relating to rein- 
forced concrete. The Association was 
considering the formation of a new class 
of membership for works supervisors and 
men in similar positions 
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The Minister of Works (The Rt. Hon 
David Eccles, M.P.) said that he was con 
vinced of the great economy of steel made 
possible by the use of reinforced and pre- 
stressed concrete, and had instructed his 
Ministry to use these materials wherever 
possible. He was also urging the Ministry 
of Supply to make available larger quanti- 
ties of bars and wire As soon as cir 
cumstances permitted he would abolish 
as many as possibile of the present 
restrictions and duties of the Ministry 
of Works, so that the industry could 
again manage its own affairs 

The Council for the ensuing year is as 
follows: President, Mr. M. G. Cowlishaw 
(Guest, Keen & Nettlefolds (South Wales) 
Ltd.). 

Vice-President, Mr. H. G 

Members : Messrs E Bellringer 
(Stothert & Pitt, Ltd EK. J. Cook 
(Richard Costain, Ltd.), E. L. V. Dakin, 
M.C. (Wilson Lovatt & Sons, Ltd.), E. R 
Hole (Holland & Hannen and Cubitts, 
Ltd.), C. H. S. Howkins, O.B.E. (Howard 
Farrow, Ltd.), W. K. Laing, M.A. (John 
Laing & Son, Ltd.), L.-J. Murdock, Ph.D., 
M.Sc. (George Wimpey & Co., Ltd.), H. 1 
Rosevear (Sir Robert McAlpine & Sons, 
Ltd.), E. S. Shellard (Associated Portland 
Cement Manufacturers, Ltd.), H. E. Stein- 
berg (Considére Constructions, Ltd.), 
G. W. Stokes (Matthews & Mumby, Ltd.) 
F. W. Sully (Holloway Bros. (London), 
Ltd.), J. W. Vanderbeeck (British Rein 
forced Concrete Engineering Co., Ltd.), 
and R. W. Vawdrey (Indented Bar & 
Concrete Engineering Co., Ltd.) 

Associates Messrs. P. G 
Champion, Ph.D., M.Sc., F. ¢ 
Liversedge, D. H. New, J] 
F. S. Snow 

Branch Delegate 
Abel & Sons, Ltd.) 

Past Presidents Messrs. J]. Cuerel, 
E. Wingrove Keer, A. R. Neelands, M( 
J. Singleton-Green, M.S« 
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Foundation for a Turntable. 


THE illustrations show a_ prestressed 
concrete foundation for a turntable re- 
cently built at Wath-on-Dearne in con- 
nection with the electrification of the 
Manchester-Sheffield-Wath railway. Pre- 
stressed concrete was used because the 
site is liable to mining subsidence, and 
settlements up to 4 ft. have taken place 
nearby rhe design was produced in the 
department of the Civil Engineer of the 
Eastern Region of British Railways 

The foundation is in the form of a 
circular rim of 70 ft. diameter with four 
main radial beams and four secondary 
radial beams. The rim is 3 ft. 6 in. high 
by 2 ft. wide. The radial beams are 


- 


3 ft. 6 in. high by 1 ft. 6 in. wide. The 
prestressing wires for the rim are in two 
chases on the outside of the rim; there 
are two cables each of 24 wires in each 
chase. In the radial beams there is a 
cable comprising 64 wires near the top and 
a cable of 56 wires near the bottom. The 
rim and the radial beams are designed 
to act either as beams or cantilevers, so 
that in the event of local settlement the 
foundation will be capable of carrying an 
engine without breaking and be restored 
to its former level by jacks. The anchor- 
ages for the wires are provided by Magnel- 
Blaton plates. Mr. C. R. Price was the 
contractor. 
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Fig. 2.—Tensioning the Cables in a Radial Beam. 
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CONCRETE PILES IN HOLLAND. 


Concrete Piles in Holland. 
By P. F. van der MEULEN BOSMA,. 


DveE to the nature of the soil, large num- 
bers of piles are used in the Netherlands 
When they are made on the site the piles 
are generally cast on thin concrete bases 
lo economise in moulds and space the fol- 
lowing practice is commonly used: First 
piles Nos. 1, 3, 5, etc., of a layer are made 
and are exactly spaced to permit other 
piles to be made between them When 
the moulds are taken away, the piles 
already made are covered with paper or 
coated with clay and piles Nos. 2, 4, 6, et 
are between them Chis procedure 
is repeated for succeeding layers. Con- 
crete piles up to 8o ft. long with a diameter 
of 16 in. and weighing up to 8} tons are 
made in factories by the centrifugal pro- 
Generally, however, factory-made 
piles are seldom longer than 30 ft. due to 
the difficulty of transport 


cast 


cess 


Enlarged Points. 


In addition to normal types of points, a 
point with an enlarged cross section (Figs 
1 and 2) and a patented “ wing ”’ point 
(Fig. 3) are used in soils where frictional 
resistance is practically nil but under 
which a stiff layer is found The points 
shown in Figs. 1 and 2 are similar to the 
points of large piles, but to save weight 
and material the enlarged section ends 
above the point and is replaced by a 
smaller cross section ; for example, if the 
enlarged section is 16 in. square the upper 
part of the pile is 12 in. square. The 
increase of the load-carrying capacity of 
the point is then about 80 per cent. The 
‘wing ’’ point, due to its larger contact 
area with the soil, can carry a load about 
50 per cent. greater than a normal point 

Piles with normal points are often made 
without pallets on an oiled concrete base 
Piles with special points are made on 
pallets [The moulds are in most 
fixed with joiner’s cramps. In some cases 
the longitudinal bars are bent over just 
under the top, so the ends of the bars can 
be expose d the piles are 
driven 

The city of Rotterdam has patented a 
special method of casting piles with 
enlarged points (Fig. 4). The area of the 
cross section of the point is twice the area 
of the re mainder of the pile Piles No. 1 
first cast After removal of the 
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cases 


easily when 


are 
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No. 2 
Chis system is 
use of 


moulds, piles betwee 
piles No I very et 

omical in the moulds and space 
Che piles are marked with painted bands 
before they are moved : black bands indi- 
cate the places where the piles are to be 
supported when they are lifted horizon- 
tally, stacked, o1 transported, and red 





























Fig. 2. Fig. 3. 
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bands show the places where the piles are 


to be supported when they are lifted for 
driving 


Piles in Two Parts. 

\ patented pile, known as the “ Du- 
plex,’’ is shown in Figs. 5 and 6. These 
are made in total lengths up to 7o ft. with 
diameters of 10 in. and 12 in The parts 
are made in maximum lengths of 35 ft 
The top of the lower part has a circular 
section 1 ft. 4 in. long. The lower end of 
the upper part has an enlarged section 
1 ft. 4 in. long which is lined with four oak 
guide-strips. When the lower part is 
partly driven mortar is placed on the top 
of it, so that when the upper part is placed 
on it and driven the mortar is pressed into 
the joint; a ring of rope, placed in a 
groove around the lower edge of the 
upper part, prevents loss of mortar. The 
advantages of this type of pile are that 
the shorter pieces are easier to transport, 
lift, and drive, and that a shorter and 
lighter pile-driver can be used. The joint 
is claimed to be as strong as a normal 
section 

















Sheet Piles. 


Sheet piles are extensively used in the 
Netherlands. Generally these are the 
common type with V or tongue-and- 
groove joints 

Sheet piles with semi-circular grooves 
in the sides (Fig. 7) are used to line canals 
in soils containing much fine sand. They 
are placed with a water-jet so that a bat- 
tered end is not needed A steel pipe or 
bar, of about 14 in. outside diameter, is 
first driven and the first pile is placed with 
a jet so that one groove fits against the 
bar In the other groove a second bar is 
placed, and this is followed by further 
piles with bars between them The bars 
are pulled out as soon as possible, and are 
replaced immediately by a dry creosoted 
wooden stick of slightly smaller diameter. 
When the stick becomes wet it fills the 
space completely and so prevents leakage 
of fine sand Che upper part of the stick 
decays in ten years, but by then the cores 
are filled with roots of grass and moss 
Che lengths of the piles are limited by the 
lengths of the sticks and generally only 
two sizes are made, namely, 3 in. by 
1 ft. 8 in. by 9g ft. 1o in. and 4 in. by 
1 ft. 8 in. by 13 ft. 1} in 

Due to the mass production of these 
types, special reinforcement cages have 
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Fig. 9.—Reinforcement Crimping Machine. 


been developed which give economy in 
steel and labour. The }-in. links are 
crimped (Fig. 8) several at a time in a 
press Ihe machine used for 
wires 1S diagram- 
matically in Fig. 9. The handle turns an 
eccentric wheel (which is greased) which 
forces the lever (a) 


spec lal 


crimping the shown 


to the lower position 
The bars to be bent (b) are placed on the 
rolls (c), which are round steel bars or 
pipes. Similar rolls (d) on the lever are 
staggered between the that 
when the lever is pushed down the wires 
are crimped as shown by dotted lines. A 
helical spring is used to keep the handle in 
the raised position while the crimped bars 
are removed and more straight bars are 
placed in the machine 

rhe links are electrically welded to the 
longitudinal bars, and circular bar-spacers 
are added The bars are welded to the 
ipexes of the bends in the links Rein- 
forcement for the shorter piles comprises 
eight ,;-in. bars and thirteen }-in. links, 
For the longer piles the reinforcement is 
eight j-in. bars and seventeen }-in. links. 
rhe piles are slightly tapered, eliminating 
the need for special wedge-shape piles 
At a distance of 6 in. from both ends 
1}-in. holes are formed to facilitate lifting 
and placing; these holes are later filled 
with mortar : 

Fig. 10 shows a small bridge with abut- 
ments formed of tongue-and-groove sheet 
piling with special corner posts. This 
type of bridge can be built without inter- 
ruption to the flow of the water and is 
oiten wet areas. 


rolls \¢ So 


used in 


1952 


Fig. 11. 


Most specifications require the concrete 
for sheet piles to have a compressive 
strength of 5000 Ib. or 6500 Ib. per square 
inch on test cubes. Much higher com- 
pressive strengths are obtained in many 
cases, sometimes up to 
13,000 lb. per square inch 


12,000 lb or 


Anchors for Sheet Piles. 
Anchors for sheet-piled walls are gener- 
ally of the shape shown in Fig. 11 rhe 
slabs have one, or sometimes two, meshes 
of 3-in. bars at 4 in. to6in. centres. The 


219 








P. F. VAN DER 


anchor-bars are 1} in. or 2 in. diameter 
and are connected to cast-in-situ beams 
or copings on top of the sheet piles The 
steel 1s covered with bituminous paint or 
other protection The tops of sheet piles 
which to be driven with a hammer 
have a small projection with a curved top 
to form a shoulder to receive a well-fitting 


are 


rope and wooden cushion 
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Extensions for Wooden Piles. 


Figs. 12 to 15 show a type of concrete 
pile, known as “ oplangers,’’ which are 
used to extend and to continue the driving 
of wooden piles These are of 
patented types. Their advantages are 


various 


a) Long piles to carry light loads are 
cheapér in a wood-concrete combination 
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Fig. 


than in all-concrete construction ; (b) the 
pile-driver can be lighter and shorter ; 
c) wood affected than Portland 
cement concrete by chemicals in the soil 
rhe shapes of the bottoms of some types 
of these extensions are shown in Figs. 12 
to 15, together with the shapes of the tops 
of the wooden piles The shapes shown 
in Figs. 12 and 15 are designed to lock the 
concrete and together. The 
crete extension in Fig. 12 is driven so that 
it locks on the tapered head of the wooden 


is less 


wood con- 


pile, while in Fig. 15 the head of the pile 
is cylindrical so that the wood is slightly 
compressed when the extension is driven 


on it When the ground water reaches 
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of water through the wood lo prevent 
the formation of an air-cushion in the 
joint, vents are provided as shown in the 
drawings 

These extensions 
gonal, octagonal, or circular in cross sec- 
tion Chey are generally made in lengths 
of from 3 ft. to 12 ft., but sometimes up 
to 18 ft Other common dimensions are 
given in the illustrations The concrete 
extensions cannot be for sloping 
piles Fig. 16 shows a concrete extension 
being placed on a wooden pile, and Fig. 17 
shows a foundation in which these com- 
posite piles are used 

rhe reinforcement is often welded and 


concrete are hexa- 


use d 





consists of eight or more bars of } in 
4 in. diameter rhe helical binding is in 
most cases } in. in diameter and is very 
closely-spaced around the joint at tne 
bottom, where there are often two helices 


of 3-in }-in 


the joint, the wood expands and fills the 
dovetail shape in the extension shown in 
Fig. 15. Figs. 13 and 14 are similar de- 
signs ; the wood is compressed in Fig. 13 
resulting slightly stronger joint, 
although may stop the circulation 


in a 


this bars 


Lecture Courses on Roads. 


LECTURE <¢ will be held at the Research Laboratory, Harmondsworth, 
during the autumn and winter of 1952-53 on the properties of road materials and their 
application rhe courses on concrete roads will be held on November 18 to Novem 
ber 27 and on December 2 to December 11 A fee of {10 10 be for 
each course Forms of application can be obtained from the Director, Road Research 
Laboratory, Harmondsworth, Middlesex 

\ two-days’ course on the stabilisation of soil with cement arranged 
in co-operation with the Cement and Concrete Association, on August 20 and 21 at 
the Association’s Training Centre, Wexham Place, Stoke Poges, Bucks. (near Slough). 
from which particulars can be obtained (there will be no fee for this « 


ourses Road 


will charged 


has been 


ourse 


Reinforced Concrete Louvres. 


One of the walls of the new chemistry building at the University of Hongkong will 
consist entirely of movable reinforced concrete louvres, which can b and 
lowered (like a Venetian blind) when necessary to shield the rays of the 
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REINFORCED CONCRETE CHIMNEYS AT FAWLEY. (CONCRETE 
Four Reinforced Concrete Chimneys at 
Fawley, Hants. 


THE initial scheme for the new Esso 
refinery at Fawley, on Southampton 
Water, allowed for three reinforced con- 
crete chimneys 250 ft. high above ground, 
and it was later decided to include a 
fourth chimney of the same height. One 
chimney serves the boiler plant, another 
the atmospheric heater, another the atmo- 
spheric and vacuum heaters, and the 
fourth (Fig. 1 also serves the boiler plant 
The chimneys were constructed by Cus- 
todis (1922), Ltd., of London, the first 
three being designed by the Custodis Con- 
struction Company of New York and the 
fourth by Custodis (1922), Ltd., London, 
in each case in co-operation with Foster 
Wheeler, Ltd., who were the designers 
and engineers for the refinery 

The chimneys were designed in accord- 
ance with the American standards, which 
have been the basis of design for most 
of the very large chimneys in America for 
the past fifteen years, modified by the 
provisions of the British Standard Code 
of Practice, under which the design is 
based on a wind velocity of 78 miles per 
hour, and the building by-laws of the 
Rural District Council which require a 
wind load of 25-lb. per square foot to 
be assumed on the vertical projection 
for the full height. The possibility of 
earthquake was not considered. The 
main design data were: Weight of con- 
crete, 150 lb. per cubic foot ; weight of 
firebrick in place, 130 Ib. per cubic foot; 
compressive strength of concrete at 28 
days, 3750 lb. per square inch; atmo- 
spheric temperature, 20 deg. F.; maxi- 
mum temperatures—boiler chimneys, 650 
deg. | atmospheric heater chimney, 
goo deg. | atmospheric and vacuum 
heater chimney, 1000 deg. F 

The chimnevs taper from bottom to 
top The thickness of the walls and the 
vertical reinforcement were designed to 
resist the dead load, the wind, and tem- 
perature ettects, and the circumferential 
reinforcement was designed to _ resist 
diagonal tension and horizontal tempera- 
ture eftects 


n 
I 


The Shafts. 
Ihe diameter inside the lining is 8 ft 
at the top and 11 ft. at the bottom in the 


>>? 
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first boiler chimney, and 9 ft 
and 12 ft respectively in the case of the 
other three chimneys In all the chim- 
neys the lining is 4$ in. thick at the top 
and 18 in. thick at the bottom ; there is 
a minimum air-space of 4} in. between the 
shaft and the lining In all cases the 
concrete is 6 in. thick at the top, increas- 
ing to 12 in., 13 im, or I4 im. at the 
bottom 
The re 


chimney 





case of the 


iforcement of the first boiler 
comprises 32 vertical }-in. bars 
at the top increasing to 124 j-in. bars at 
the bottom, and $-in. bars at 12-in 
centres rcumferentially The second 
boiler chimney has 34 vertical §-in. bars 
at the top increasing to 140 }-in. bars at 
the bottom and circumferential reinforce- 
ment of 2-in. bars at 12-in. centres The 
other two chimneys have 34 vertical $-in 
bars at the.top increasing to 164 }-in. bars 
at the bottom and }-in. circumferential 
reinforcement at 12-in. centres in the case 
of the chimney for the atmospheric heater 
and at 10-in. centres in the chimney for 
the atmospheric and vacuum heaters 
There is additional vertical, diagonal, 
and circumferential reinforcement at flue 
openings, of which there are two in each 
of the boiler chimneys and vacuum-heater 
chimney, and one in the atmospheric- 
heater chimney. The total amounts of 
reinforcement and concrete in the shafts 
are respectively 15-1 tons and 259 cu. yd 
in the first boiler chimney, 16-5 tons and 
284 cu. yd. in the atmospheric-heater 
chimney, 17-6 tons and 282 cu. yd. in the 
vacuum-heater chimney, and 18-75 tons 
and 307 cu. yd. in the second boiler 
chimney 


Foundations. 


The foundations of all the chimneys are 
designed for an earth pressure of 2 tons 
per square foot at 7 ft. below ground level, 
where indicated a stratum of fine 
silica sand In the case of the first boiler 
chimney pockets of clay were encoun- 
tered and another 1o ft. were excavated, 
the additional excavation being filled with 
mass which the foundation 
was constructed All the foundations are 
octagonal in plan and reinforced top and 
bottom with vertical bars tied to the 
reinforcement in the shafts 

The total weight on each foundation is 
about tons, and the sizes of the 
foundations are 38 ft. wide by 8 ft. thick 
(excluding the sub-base of the shaft) for 


bores 


concrete on 


1000 
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the first boiler chimney and 39 ft. 6 in 
wide and 7 ft. 6 in. thick for each of the 
other three chimneys The amount of 
reinforcement in the foundations is about 
174 tons for the first boiler chimney, 
12} tons for the second boiler chimney 
and 10} tons for each of the other two 
chimneys 


Lining. 

A lining of Glenboig (for three) and 
Craigend (for one) fire-bricks set in fire 
clay was used, except for the top 35 ft 
which was constructed entirely of Ameri 
can acid-proof bricks laid in acid-resisting 
putty Che upper 6 ft. 6 in. of the shaft 
of each chimney was constructed entirely 
of acid-resisting bricks 9 in. thick 
the acid resulting from the combination 
of the oxides of sulphur with atmospheri 
or condensed moisture under 
weather or temperature conditions is 
liable to cause damage to concrete and 
firebrick he linings are reinforced with 
3-in. by }-in. bands spaced at different 
intervals in the case of the chimneys 
serving the boilers and those serving the 
atmospheric heater and atmospheric and 
vacuum heaters, and in the former case 
the bands are covered with sheet lead 
In the case of the chimneys for the atmo 
spheric heater and the vacuum heater 
the bands in the upper 35 ft. are of stain 
steel The steel channels which 
bridge the bands at the flue openings in 
the boiler chimneys are covered with 
lead ; in the other chimneys these chan 
nels are of light steel alloy Che openings 
to permit circulation of air in the annular 
space between the lining and the shaft are 
at the bottom of the outer shafts and at 
a height of 150 ft. in each chimney, the 
top of the annular space being left open 
to the atmosphere 


because 


adverse 


less 


‘ittings. 


At the top of each chimney cast-iron 


caps } in. thick cover the lining and the 
outer shaft The sections of the caps are 
bolted together with stainless-steel bolts 
The cap is designed to permit differential 
expansion of the lining and the shaft 
Access to the top of eac h chimney is by 
{ in. diameter galvanised step-irons 15 in 
wide spaced at 12 in. centres vertically. 
Access to the inside of the chimneys is 
through 24-in. by 36-in. cast-iron clean- 
out doors. A curtain wall is provided in 
the linings to protect the doors from gases 
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The lightning conductors comprise The shafts were completed on August 25, 
six §-in. diameter monel-metal vertical October 24, and December 
projection rods and two I-in. by #-in respectively. Immediately following 
copper-tape conductors on opposite sides completion of the shafts the brick tops 
of each chimney, the upper 25 ft. of the were constructed, and the firebrick lining 
tapes being covered with 4-in. lead of the first chimney was commenced on 

Four lights are installed at 150 ft. above March 25, the second on April 29, and the 
ground and four at 240 ft. above ground _ third on May 5, 1951. The first chimney 
as warnings to aircraft; access to the was completed on April 29, the second on 
lights is by step-irons June 14, and the third on June 28, 1951, 


#F 1950, 


about four months ahead of the schedule. 
The last chimney was commenced in July, 
rhe shaft of the first chimney was com- 1951; the shell was completed early in 
menced on May 24, the second on July 19, October, and the lining was completed by 
and the third on September 7, 1950 the middle of December. 


Construction. 


Prestressed Concrete Sheet Piles. 


PRESTRESSED concrete sheet piles were 
used at the new iron ore quay at Tyne 
Dock to form a curtain wall. The piles 
are 40 ft. long and 23 in. by 9 in. in 
cross section. The tongues and grooves on 
the sides are designed to permit the intro- 
duction of colloidal grout between the 
piles after driving. There are 84 0-2-in. 
diameter high-tensile steel wires in each 
pile ; in addition, mild steel is provided in 
the head and toe and stirrups are provided 
throughout the length of the pile. The 
head is slightly reduced in cross section, 
and the toe is pointed and bevelled so 
that each pile is forced against its neigh- 
bour during driving. No _ shoes are 
fitted. The piles were manufactured at 
the Tallington works of Messrs. Dow-Mac 
Products), Ltd. Each pile (Fig. 1 
weighs approximately 4 tons, and the 
lifting points were marked before despatch. 
The driving was done by the main 
contractors, the Yorkshire Hennebique 
Contracting Co., Ltd., with a 3-tons single- 
acting hammer with a drop of 4 ft. 
3olt-holes in the piles were not permitted, 
and the piles were held in the leaders by 
means of clamps: Hard driving con- 
ditions were experienced, and up to 
150 blows per foot of penetration were 
required in many cases; the damage to ‘ ‘ é 
the heads of the piles was, however, Fig. 1.—Lifting a Pile. 
negligible. The piles were designed by 
Mr. R. B. Porter, M.1.C.E., chief engineer the consulting engineers were Messrs. 
of the Tyne Improvement Commission ; Rendel, Palmer & Tritton 
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Pressure-Type Air Meters for Air-Entrained 
Concrete.* 
BY P.J.F. WRIGHT, B.Sc., and A. D. McCUBBIN 


OF THE ROAD RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFK 
INDUSTRIAL RESEARCH 


AND 


THIs article describes tests carried out at the Road Research Laboratory on 
three pressure-type ‘‘ air meters ’’ for measuring the air content of air-entrained 
concrete. In these meters a known pressure is applied to a given volume of 
freshly-mixed concrete and the resultant decrease in volume of the concrete is 
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(a) Before applying pressure (b) With pressure applied 


Fig. 1.._Diagram of Pressure-type Apparatus for Determining the 
Air Content of Air-entrained Concrete. 


measured. The method has been fully described elsewhere “) @ and is illus- 
trated diagrammatically in Fig. 1. The air content indicated by each meter 
was compared with the air content obtained by a gravimetric method.) 
[he principal purpose of entraining air in concrete is to improve its resist- 
ance to frost. The workability is also improved, but this is accompanied by 
a reduction in compressive strength which, if the water-cement ratio is constant, 
amounts to about 5} per cent. for each 1 per cent. by volume of air. If, however, 
the water-cement ratio is reduced so that the workability remains constant, and 
other minor modifications are made to the proportions of the concrete, air may 


* Published by permission of the Director of Road Research 
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be entrained with little or no loss of strength. The amount of air entrained 
varies with different cements, proportions, and aggregates, and with the tem- 
perature, and it must be controlled within limits (frequently 4 per cent. to 6 per 
cent. by volume); if the air content is too high the strength will be seriously 
reduced, while if it is too low the workability will be reduced. Thus a simple 
and reliable instrument is desirable for measuring the air content at regular 
intervals, and the pressure-type meter has found favour in America. An instru- 
ment of this type has recently been made at the Road Research Laboratory, 





Fig. 2.—-Types of Air Meters. 


and before it was put into general use its performance was compared with that 
of other available pressure-type air meters and with the gravimetric method 
previously used. 


Details of the Air Meters. 

[he air meters used were as follows. (1) A proprietary air meter, with a 
capacity of about } cu. ft. of concrete, designed to measure from 0 to 7-5 per cent. 
of air. This instrument was received already calibrated in percentage air content 
when operating at a pressure of 15 lb. per square inch. (2) An air meter made 
at the Building Research Station, with a capacity of about } cu. ft., designed 
to measure up to 8 per cent. of air. (3) An air meter made at the Road Research 
Laboratory, with a capacity of about ,', cu. ft., designed to measure up to 9 per 
cent. of air. Meters (2) and (3) were calibrated at the Laboratory at an operating 
pressure of 15 lb. per square inch. The more common method is to use a pressure 
such that the graduated scale indicates the air-content directly, but for these 
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tests a pressure of 15 lb. per square inch was used for all the meters. The three 
air meters are illustrated in Fig. 2. 


Scope of Tests. 

One mixture was used in the proportions of 1 : 74 by weight of dry materials, 
using normal Portland cement, graded river gravel aggregate of } in. maximum 
size, and river sand, the sand comprising one-third of the total aggregate. In 
order to produce a mixture suitable for hand compaction a water-cement ratio 
of 0-67 was used ; from preliminary tests this was found to give a compacting 
factor of 0-95 when about 5 per cent. of air was entrained. 

Vinsol-resin was used to entrain the air, a 10 per cent. pre-neutralized solution 
in sodium hydroxide being added to the mixing water just before mixing. The 
quantity of solution was such that the weight of Vinsol-resin was 0-015 per cent. 
of the weight of cement, and this entrained an average of about 6 per cent. of 
air. The concrete was mixed in an open-pan paddle-type mixer of 1 cu. ft. 
capacity ; twelve batches were made and on each batch four determinations of 
the air content were made, three by the air meters and one by the gravimetric 
method. Two operators carried out the tests and each made two of the deter- 
minations on each batch. The operators changed instruments after each batch. 
Two additional batches were made in the same proportions but with the quantity 
of Vinsol-resin reduced to give about 2 per cent. of entrained air; tests were 
made on these mixtures with two of the air meters and by the gravimetric method. 


Methods of Determining the Air Content. 

GRAVIMETRIC METHOD.—The vessel used was the cylinder of a compacting- 
factor apparatus, which has a volume of about } cu. ft. The concrete was com- 
pacted by hand in 2-in. layers with 25 blows of a standard 4-lb. punner. The 
cylinder was filled level and screeded off. It was then weighed to the nearest 
5 gm. and the air content was found by comparing the weight of air-entrained 
concrete with the theoretical weight of the same volume of concrete free from 
air, calculated from the known proportions and densities of the constituents. 

PRESSURE METHOD.—For each instrument the concrete was compacted as 
for the gravimetric method, the number of blows of the punner being proportional 
to the volume, assuming that 150 blows were appropriate for a volume of } cu. ft. 
When the vessel was full and screeded off, a thin circular metal plate was placed 
on top of the concrete to prevent the water eroding the surface of the concrete, 
the top section was clamped down tight and filled with water to the top mark 
on the scale. Air pressure was applied with a bicycle pump up to 16 Ib. per 
square inch ; the pressure was then found to drop slowly (probably due to the 
porosity of the aggregate), and when the pressure gauge recorded 15 lb. per square 
inch the water level was read to the nearest 0-1 per cent. of air content. The 
air pressure was then released. The water level did not fully return to zero 
owing to the effect of the porosity of the aggregate ; the small correction was 
noted and subtracted from the gross air content. 


Results of Tests. 
[he results of the tests are given in Table I. The average air contents of 


the batches varied considerably ; larger variations might be expected on a con- 
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structional site if no effort were made to control the air content. The agreement 
between different instruments was good, and a statistical analysis of the results 
showed that there was no general difference between the values obtained with 
different instruments, although No. 4 gave higher values than No. 1. The differ- 
ence here may have been due to a calibration error in No. 1 or to a real difference 
between the gravimetric and pressure methods. This suggests that it would be 


raBLeE | RESULTS OF MEASUREMENTS OF ENTRAINED AIR 
Figures are percentages of air by volume.) 


I 2 
Proprietary B.R.S 


Standard deviation 
within batches 


13 
14 


advisable to check the calibration of any instrument before use. The analysis 
did not show any difference in the uniformity of results obtained with different 
instruments. 

rhe time taken to carry out the tests was about five minutes for each deter- 
mination. The gravimetric determination was the quickest since the time 
required to weigh the vessel was less than that required to complete the pressure 
operation ; however, the calculation of the gravimetric result takes longer, 
additional apparatus (a balance) is required, and accurate information regarding 
proportions and specific gravity is needed. Meter No. 3 was the quickest to 
use of the pressure meters, owing to the relatively small volume of the concrete 
and to the ease of filling the instrument with water. The test with meter No. 1 
took longest, mainly owing to the presence of a plate perforated with small holes 
in the filling funnel which increased the time required to fill the meter with water. 
[he plate was intended to prevent stones entering the meter and becoming lodged 
in the gauge-tube, but this might have been achieved more satisfactorily by 
using gauze and a larger hole or holes. The hinged clamping screws of meters 
Nos. I and 3 were preferred to the loose G-clamps of meter No. 2 for fastening 
down the top section. Meter No. 2 had been designed with G-clamps so that the 
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cylinder could be used more easily for determinations of density and similar 
purposes. 


Conclusions. 


It was found that, under the test conditions, the pressure and gravimetric 
methods both gave reliable results. For site conditions the pressure method is 
preferred, as it does not require an accurate balance, is simple to use, and provides 
a direct reading ; also it does not require an accurate knowledge of the proportions 
of the concrete, which is normally lacking on the site owing to inevitable variations. 
The ;'5 cu. ft. cylinder of meter No. 3 was satisfactory with }-in. maximum size 
aggregate. 
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